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ABSTRACT
Experiments were conducted to examine vigilance 
during sleep and to test some aspects of Snyder's 
(1966) theory of dreaming. This theory suggests that 
the function of Rapid Eye Movement (REM) sleep is to 
activate the organism and produce a sentinel awakening 
at the end of the REM period for the purpose of 
vigilance.
Evidence was found that alert wakings occurred in 
human Ss throughout sleep from all types of sleep- The 
rate of waking was highest in REM sleep and a majority 
of the awakenings from REM sleep occurred at the end of 
periods of REM sleep.
Awakening latency in REM sleep was significantly less 
than in stage 2 when using an overt response criterion of 
waking. This was not true however for an EEC criterion 
of awakening. This supports the notion that during REM 
sleep, response threshold rather than perceptual threshold, 
is reduced when compared with stage 2.
Studies of performance after arousal indicated that, 
on some tasks, performance after REM sleep was superior 
to trials after stage 2 sleep. However, the differences 
in performance were small when time of night effects were 
controlled, performance after REM sleep was superior to 
trials after slow wave sleep, hut the differences were 
not as large as had been expected.
The short awakening latency in REM sleep and better 
performance after REM sleep supports Snyder's notion 
that REM sleep provides activation in preparation for 
vigilant behaviour. The data on spontaneous awakenings 
also support his suggestion that an important aspect of 
the REM sleep phenomenon is the brief awakening that 
occurs at the end of REM sleep.
While several aspects of Snyder's theory are supported, 
the results are significant rather than overwhelming, and 
one is left with the impression that human REM sleep is 
not completely explained by a vigilance model.
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Abbreviations
AAT Auditory awakening threshold
ARAS Ascending reticular activating system
AT Arousal threshold
BMA Body movement activity
E Experimenter
EEG Electroencephalogram
EMG Electromyogram
EOG Electro-oculogram
GBM Gross body movement
LMAS Limbic midbrain arousal system
NREM Ron-rapid eye movement sleep (stages 1, 2, 3 and 4)
REM Rapid eye movement sleep
S Subject
Ss Subjects
SA Signalled arousal
SD Standard Deviation
SWS Slow wave sleep
TORE Time of night effect
UA Unsignalled arousal
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CHAPTEK 1 SLEEP AND PHEOBIES OF DEEAMIMG
This chapter contains a general discussion of sleep 
and a comparison of theories which provide various 
explanations of sleep and in particular dreaming sleep. 
Reasons for preferring Snyder's (1966) theory of the 
function of dreaming will he given. Subsequent chapters 
will describe experiments which test hypotheses derived 
from Snyder's theory.
Sleep has usually been seen by the layman as a rest 
from the labours of the day. Many theories concerning 
sleep have been based on the unverified assumption that 
sleep serves some vital restorative function. Initially 
this restorative function was attributed to sleep generally; 
however, as research uncovered the extremely diverse 
characteristics of different sleep stages, it became more 
and more difficult to attribute a unified restorative 
function to all stages.
At the present time most researchers divide sleep 
into two broadly distinct states: rapid eye movement (REM) 
sleep and non-REM (HREM). Although some researchers 
(Grosser & Siegal, 1971) have argued the value of dividing 
sleep into tonic and phasic events, most current theorizing 
is based on a REM/RREM division (Snyder, 1966; Hartman, 1967)
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REM sleep occurs in periods of increasing duration 
throughout the night, at intervals of approximately 90 
minutes. The onset of REM is signalled by a change in 
most of the physiological measures of sleep. The 
electroencephalogram (EEG) flattens considerably and 
saw-tooth waves often appear. Many muscle systems 
throughout the body exhibit bursts of twitching, 
particularly the eyes, which execute large conjugate 
changes of orientation similar to waking eye movements 
(Aserinsky & Kleitman, 1955)- Respiration becomes 
variable in depth and rate; blood pressure and heart 
rate also show large unaccountable fluctuations and 
penile erections occur. Metabolic rate rises (Brebbia & 
Altschuller, 1965), urine production is reduced; 
catecholamines and corticosteroids are released in large 
quantities (Mandell & Mandell, 1965; Mandell et al-, 196^ .).
Kety (1965) in work with cats, demonstrated a double 
cortical blood flow in REM compared with quiet walking or 
RREM sleep. This general picture of intense internal 
activation in REM is kept in check by muscular atonia, 
interrupted only briefly by occasional twitching of the 
extremities.
In complete contrast, RREM sleep, particularly slow 
wave sleep (SWS) manifests a slow synchronous EEG pattern 
similar to that seen in deep anaesthesia. Respiration 
becomes regular and slow; eye movements and other phasic 
events cease and cerebral blood flow is considerably 
reduced.
REM sleep is a period of intense internal activation 
wherein it is unlikely that recuperation in the sense of 
rest can occur. As a result,theorists began to attribute 
the physiological restorative function of sleep to RREM 
sleep stages, and this conception continues to play an 
important role in most of the theories that are discussed 
in this chapter. However, very little research evidence 
has yet been found to support the idea that any recuperation, 
be it biochemical, physiological or psychological, occurs 
within HREM sleep. Indeed we often feel worse on getting 
up in the morning after a good night's sleep than when we 
go to bed at night (Meddis, 1969).
Recent work by Hediger (1969), and Allison and Van 
Twyver (1970) ori the sleep habits of different animal species 
further complicates any simple-minded view of sleep as 
recuperative. Comparative studies show large variations 
between species in the daily quota of sleep,of both HREM 
and REM. Some species do not sleep at all in the conventional 
sense; the ungulates for example, take little or no sleep, 
although they spend lengthy periods in a subdued sleep-like 
state but at the same time remain in full contact with the 
environment. As most definitions of sleep stipulate reduced 
contact with the outside world, the existence of animals 
that maintain such contact and do not sleep, seriously 
undermines the assumption that sleep is necessary for some 
vital restorative process. Intra-species studies have also 
demonstrated a wide variation in the amount of sleep taken, 
which is not easily explained by a differential need for 
recuperation.
M. t ‘>
Because the restorative function of sleep was assigned 
to the I'TREM stages, many different theories emerged to 
explain the function of REM sleep. Results of studies of 
REM deprivation should he horn in mind when considering 
each of these theories.
Dement (1965) in early studies on REM deprivation 
demonstrated that hy preventing REM sleep hy walking the S 
at each occurrence, the tendency to enter REM increased 
over nights and more walkings became necessary to prevent 
REM. After several nights of such deprivation the number 
of wakings required to prevent REM increased to many times 
that of the first night. Erom these results. Dement 
inferred a 'need' for a certain amount of RED! each night. 
However, a close examination of Dement's (1965) data shows 
that after several nights' deprivation the wakings cluster 
witliin periods normally occupied by continuous REM and 
that the large number of wakings is partly explained by 
the S's passing directly from waking into REM - a rare 
occurrence in a normal night's sleep. This interpretation 
of the results implies a change in the mechanism which 
initiates REM sleep rather than a build up of a 'need'.
The arguments for a need are the high number of wakings 
and the greatly increased amount of REM sleep on the first 
recovery night, but these could both be explained by a 
lowered tlireshold for REM onset, in a REM mechanism. One 
major disadvantage of the need view is that it does not 
explain why the wakings cluster and why long uninterrupted 
HREM periods remain after many REM deprivation nights.
The extent to which one attributes the RET-I deprivation 
effect to an increased need, depends on whether specific 
needs can be demonstrated to be satisfied in REM.
Dement (1965) also suggested that REM deprivation 
in humans eventually led to psychological disturbance; 
subsequent work by Dement (1965) indicated that the effects 
were much smaller than had been originally supposed. Kales 
et al. (1964) did not find any psychological changes induced
OewsotsI^ wA<f
by REM sleep deprivation. Domont- ot al-.^ (1967) working 
with cats found that with REM deprivation the auditory 
recovery cycle was shortened, heart rate was increased, 
but there was no motor impairment, and no sleepiness; 
the cats were in fact more restless and hyperactive.
Perhaps the most important finding was a considerable 
increase in the intensity of drive-oriented behaviour.
This was demonstrated for hunger and sexual drives. He 
also reported that the Rorschach and Thematic Apperception 
Test administered to Ss who were deprived of REM, showed 
an elevated expression of 'need'.
Taken in sum, the effects of REM deprivation in humans 
and animals do not imply impairment in any obvious way, in 
fact most of the symptoms appear to be behaviourally 
advantageous. We can also see that the generally assumed 
restorative function of HREM sleep is not well supported by 
experimental evidence, and that the characteristics of REM 
sleep are clearly not those of restoration.
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Snyder's Evolutionary Theory of Dreaming
In 1966 Snyder outlined his evolutionary theory of 
sleep and developed it in 1969. This approach to the study 
of sleep considers what may have been the factors which 
led to the introduction of REM sleep during mammalian 
evolution between 140-180 million years ago. Such a span 
of time makes evolutionary theorizing speculative, but 
the value of such an approach is that studying the factors 
giving birth to REM sleep may indicate its primary function, 
whereas after a period of 15O million years, REM sleep may 
have acquired all sorts of subsidiary functions.
Allison and Van Twyver (1970) suggest that REM is 
present in both marsupial and placental mammals; therefore 
its origin must be at least 180 million years ago when 
these two groups separated. Eu.rther, the absence of REM 
in one of the non-therian mammals suggests that REM had 
not evolved at the time of the therian non-therian division 
approximately 220 million years ago. This suggests that in 
evolutionary terms REM appeared rather suddenly. It is 
perhaps unwise to argue this point on the basis of study 
of one non-therian mammal (the echidna) as some of the 
characteristics of REM can be observed in a rudimentary 
form in the descendants of phylogenetically more primitive 
species; for example, some lizards are known to have 
occasional eye movements during sleep (Tauber et al., 1966 
and 1968) and birds, which evolved from reptiles, have REM 
sleep that is similar in many ways to mammalian REM (Walker 
& Berger 1972). However, in evolutionary terms, REM in its
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mammalian form, was introduced over a short period. In the 
most primitive mammalian species such as the opossum, it 
occurs in its usual form and in surprisingly large 
quantities (55% of sleep in the opossum compared with 
25% in man).
Snyder suggests that the variations in proportions 
of REM sleep among different mammals might reflect their 
different specializations and that adaptive processes may 
alter the quantity of REM sleep and may he responsible 
for the large proportion of REM in the earliest mammals 
(e.g. opossum).
The development of REM sleep in the early mammals 
coincided with their dominance of the animal kingdom.
It is quite possible that REM may have played a vital 
role in their success. It is instructive to consider 
the predicament of the first mammals; about 200 million 
years ago they emerged with several distinct advantages 
over the reptiles. They had more highly developed brains, 
a high metabolic rate, small size and a constant high body 
temperature. These advantages enabled them to operate 
successfully when other animals not possessing temperature 
regulation mechanisms were left helpless due to falling 
body temperature. Thus they were able to evolve new 
feeding schedules in order to avoid confrontation with 
predators. Their constant high body temperature also 
enabled them to realize the full potential of their more 
complex brains with greater speed and agility.
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A price had to he paid for this considerable survival 
advantage and it took the form of the energy required to 
maintain a high metabolism and temperature. The answer 
was to use the primitive sleep mechanism as a method for 
minimizing metabolic requirements at all times when the 
species was not involved in maintaining itself (e.g. 
feeding, copulating etc.). Hibernation is a well 
established mechanism of energy conservation by which 
an animal can adapt to severe environmental conditions. 
Energy is saved by (a) the curtailment of movement (b) 
the provision of an insulated environment and (c) the 
lowering of body temperature which minimizes energy needs 
and enables the hibernator to live for extensive periods 
from energy stored in body fat.
Snyder suggests that sleep is the main mechanism for 
energy conservation in the short term, just as hibernation 
fulfills this function over longer periods. This function 
of sleep is perhaps a better basis for explaining the very 
different sleep patterns between species than the generally 
accepted 'restoration* theories. Snyder therefore proposes 
that : "There is survival advantage to a maximal extent of
sleep compatible with the satisfaction of nutritional needs, 
and this would have been especially true in the primitive 
mammalian predicament" (Snyder, 1966, p. 150).
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The only problem associated with sleep is the loss 
of vigilance for long periods which renders the animal 
vulnerable to its predators. In 1925 Rivers wrote:
"It is evident that the reaction of the animal to 
danger would be greatly assisted if there were present 
in sleep some kind of mechanism by which the animal 
began to adapt its behaviour to danger while still asleep.
If this mechanism also helped to awaken, it would still 
further increase its helpfulness to the sleeping animal.
1 suggest that the dream has such functions. That, 
whatever may be the function of the dream in man, its 
function in the lower animals is to aw alien in the presence 
of danger and to set in action even while the animal is 
still asleep, the process by which it will be enabled to 
meet the danger in the appropriate manner".
Snyder agrees with Rivers in assigning the REM state 
a sentinel function. Support for this idea comes from 
many animal studies. Weiss & Eifkova (1964) in work with 
mice, have shown that wakings usually followed REM periods. 
They suggest that the awalienings occurring after REM periods 
divide sleep into short sections between which the animal 
has the opportunity of reacting, if need be, to external 
stimuli.
Snyder's own work with the opossum supports this idea. 
Wben first brought into the laboratory the animal sleeps 
very little; when sleep does occur, it is in brief snatches 
and REM hardly appears at all (it seems to be replaced by 
periods of waking). As the animal becomes used to the
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laboratory the amount of REM increases and the number of 
wakenings decreases considerably. As a result of these 
and other facts presented in more detail in chapter 2, 
Snyder proposes that: "The brief, but periodic arousal 
following REM periods serves a sentinel or vigilance 
function".
It is apparent that sentinel wakings usually follow 
or terminate REM sleep periods and Snyder suggests that 
the REM period provides the necessary activation so that 
on waking the animal will be fully prepared for fight or 
flight. Some support for this idea is derived from the 
fact that larger mammals, with lower metabolic rates, 
have on average longer REM sleep periods, which we would 
expect from the longer time required for activation to 
permeate a large and complex brain-body system. Another 
factor is that the intense activation that occurs in REM 
takes on an appropriate functional significance totally 
lacking in the context of continuous sleep uninterrupted 
by sentinel wakings. Snyder therefore proposes that: 
"The REM state provides preparatory activation prior to 
each sentinel awakening".
To summarize, Snyder sees sleep as a mechanism for 
energy conservation. In extended sleep, regular wakings 
occur for vigilance purposes, and these are preceded by 
stage REM sleep, which produces internal activation so 
that the animal is alert and well oriented on waking.
2G
The theories that follow assume that IIREM sleep is 
for some usually unspecified recuperative process. All 
of the theories provide some hypotheses to explain REM.
Homeostatic Theories
These theories commonly claim that the function of 
REM sleep is to maintain and restore efficient functioning 
of internal neural systems and environment. This, it is 
suggested, is periodically made necessary hy some of the 
hypothetically harmful effects of HREM sleep.
The first of this group of theories was proposed hy 
Roffwarg, Muzio & Dement (1966) who theorized that the 
main function of REM in early infancy is to supply 
endogenous stimulation which helps to develop the central 
nervous system (CHS). If we examine the amount of time 
spent in REM sleep per day, the level is very high at 
birth (about 50% of sleep) and drops rapidly until at 2 
years of age the proportion is 25%, similar to the adult 
level. This preponderance of REM is coincident with the 
development and maturation of the CHS and the authors 
suggest that REM plays a vital part in this development 
by providing endogenous stimulation both before and after 
birth. They see the role of REM in the adult in a similar 
way to the infant, but playing a more minor role, although 
they are not sure whether this is the only role. One 
possibility that they consider is that "frequent excitation 
of higher brain centres during sleep serves to maintain the 
CHS in a state of physiological readiness so that it may 
react swiftly to the exigencies of the real world". This
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is in close agreement with Snyder’s theory and in no way 
contradicts, hut rather complements the theory with 
valuable arguments concerning the adaptive value of REM 
in the infant.
Oswald (1970) postulates a restorative function for 
both types of sleep. He envisages HREM sleep as the state 
in which the body is repaired and replenished, while 
during REM, brain repair is the major process. There is 
some support for this view in that brain abnormalities 
caused by some drugs appear to elevate the incidence of 
REM after the drugs are withdrawn. But whether or not 
REM is vital to the repair process or whether any repair 
process is necessary is uncertain. There is also 
surprisingly little evidence that any bodily recuperation 
occurs in Î1REM sleep.
Another theory in tliis category by Weiss (1966) sees 
the role of REM sleep as reversing OHS disorganization 
which occurs during SWS. Weiss argues that brain function 
is based on differentiated activity of billions of neurones 
which cannot occur during the delta wave activity of HEŒM 
sleep. He also assumes that the state of disorganization 
should not last long without unfavourable consequences.
What these consequences are is not stated, but they could 
only be temporary and minor if an animal is to survive 
long periods of slow wave brain activity such as hibernation 
or coma. As it is established that an animal can survive 
(relatively unimpaired) long periods of slow wave brain 
activity, it is hard to see whj^  regular REM periods are 
necessary. Weiss also points out that in his work on
2 fT'
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rodents, REM periods were usually followed by a short 
arousal or at least an increase of reticular excitability; 
the adaptive advantage of periodically re-establishing 
contact with the environnent in extended sleep seems to 
Weiss to be important, and he suggests that REM sleep 
is an essential prerequisite to the arousal. This is 
in agreement with Snyder's views.
If it were shown that the disorganization hypothesized 
by Weiss to occur during SWS, does occur and impairs 
behaviour on waking, a period of REM sleep would be 
desirable to organize the animal for waking, rather than 
reversing some deterioration of the brain which might 
have occurred in HREM sleep. It is probably not the 
disorganization suggested by Weiss to occur in lU^ EM sleep 
that necessitates regular REM periods, but the consequences 
of such disorganization on awakening. This view seems to 
provide a better explanation of the function of regular 
REM periods, given that there is an adaptive advantage to 
regular checks on the environment in extended sleep.
Two further theories fall into this category and are
very similar to Weiss's in that they see REM sleep offsetting
harmful effects of HREM sleep. E^hron & Carrington (1966)
t
see REM as restoring 'cerebral vigilance' or coajlcal 'tonus' 
via a process of 'endogenous afferentation'. Mandell & 
Mandell (1965) in a similar theory propose that REM sleep 
is triggered by low levels of certain (unspecified) 
metabolites which are depleted during extended HREM sleep.
One problem with this approach is the introduction of
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assumptions made about the effects of REM and HREM sleep 
on hypothetical variables such as 'cortical tone' and 
'metabolites'. During SWS amount of activity is not 
reduced but pattern is altered, and either might be 
essential for 'cortical tone'- This is not to deny 
that REM might play a role in maintaining internal 
equilibrium of some type. Such processes are as yet 
unidentified and as such constitute a poor basis for 
a theory of REM sleep.
The two theories do not explain the polycyclic 
sleep pattern of many animals which basically consists 
of a period of IIREM, then a REM period followed by a 
relatively short waking interval. Waking up occasionally 
is likely to be just as effective, if not more effective 
in restoring 'cortical tone'. The REM period seems 
superfluous in this context. The need for a regular 
restoration of 'tone' in extended sleep is also a little 
hard to justify as the brain can survive extended periods 
of slow wave activity without suffering harm. It seems 
likely that REM may restore some type of 'cortical tonus' 
but the reason why is probably to prepare the animal for 
a vigilance waking rather than restoration of 'tonus' 
for its own sake.
Rather than central reorganization, Berger (1969) 
suggests that the function of REM is ooculomotor innervation, 
and indeed he has found some evidence for improved binocular 
coordination at the end of REM periods. It is unlikely 
however that ooculomotor innervation is the only function of REM.
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In heavily sight-dependent animals, such as man, it may be 
a major function, but what of animals that do not rely on 
sight during the waking hours (mole; Allison & Van Twyver, 
1970) but have many rapid eye movements during REM sleep.
In this context we cannot ignore the many other systems 
that are brought into readiness in REM, any of which may 
rival the occulomotor system in importance. Berger's 
theory does not adequately explain why REM periods are 
necessary for monocyclic sleepers (e.g. rat, mouse etc.). 
Surely a short period of waking perception at the end of 
sleep would be more effective in restoring correct 
functioning of the occulomotor system than a period of 
REM sleep- In polycyclic sleepers (such as man, bears, 
lions etc. ) the value of regular restoration of visual 
functioning during the night seems to be of little value 
unless it can be related to a need for regular vigilance 
wakings as suggested by Snyder.
This group of theories has suggested that REM sleep 
provides endogenous stimulation or organization of 
peripheral and central systems. On its own this seems to 
be only a partial explanation of REM function and we still 
might wonder why this periodic process is necessary in sleep. 
Weiss extends his ideas to take into account evidence of 
a HREM-REM-Waking cycle and in doing so adopts a view very 
similar to Snyder. The other theorists should not ignore 
the adaptive aspects of a HREM-REM-Waking cycle as this 
complements their view on the function of REM sleep.
Cognitive and Memory Function Theories
These theories assign some vital role to REM sleep 
•unconnected with the usual theories on the function of 
sleep. The first group of theories is hased on the 
findings of an experiment hy Jenkins and Dallenhach (1924); 
they found that a period of sleep produced better recall 
of previously learned material than a corresponding period 
of waking. Two alternatives present themselves to explain 
this result; either forgetting due to interference is 
reduced during the inactivity of sleep, or some active 
consolidation process occurs. Several theorists favour 
the consolidation view (Empson & Clarke, 1970; Greenberg & 
Leiderman, 1964; Moruzzi, 1966). They support this view 
by showing that REM deprivation during a learning period 
impairs learning more than RREM deprivation. Chernik (1972) 
has not been able to reproduce the effect and it is clear 
that further experimentation is required to resolve this 
issue. If fut-ure experiments are able to demonstrate 
memory consolidation in REM, there would still be the 
question of whether the effect would be incidental or one 
of the main functions of REM. Considering the greatly 
increased brain activity during REM, it is most likely 
that any memory consolidation occurring in sleep would be 
concentrated in REM. It is perhaps less likely that REM 
evolved to supply such a function, as many species have 
no REM sleep but are able to consolidate their memories.
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Evans & Newman (1964) and Dewan (1968) consider REM 
to have a programming function, organizing and up-dating 
hrain sequences and patterns. In fact Evans and Newman 
see the sole function of sleep itself as allowing the 
dreaming to occur during which the proposed programming 
takes place. As yet these interesting ideas have 
received little experimental support.
The cognitive and memory function theories do not 
explain adequately the preponderance of REM before and 
just after birth, or the cyclic recurrence of REM periods, 
or how animals whose sleep contains no REM carry out 
cognitive or memory functions. They must also show why 
adequate memory consolidation cannot occur during wakefulness 
in animals that do have REM sleep. There is no reason why 
such processes should not occur during REM sleep but how 
much of a 'raison d'etre' they are, is unknown. It is quite 
possible that review of the 'day residue' may be an integral 
part of the psycho-physiological processes which occur in 
REM and produce activation; it may be that the animal 
evaluates threat and tailors its vigilance during sleep 
by such a process.
Drive Discharge Theory
Eisher (1956) and more recently Dement (1969) propose 
that REM serves to discharge a drive reservoir in the manner 
of a safety valve. Dement's recent work on REM sleep has 
shown that deprivation of pontine-geniculate-occipital (PGO) 
spikes that occur in and around REM periods by waking the
animal, is much more potent than REM deprivation in 
eliciting drive-oriented behaviour. The fact that PGO 
spikes are found mainly in REM leads Dement to suggest 
that regular REM periods maintain an optimum level in 
some drive system via PGO spike discharge. Current 
theories of motivation tend to take the view of 'drive' 
being generated when a particular need state exists, 
rather than 'drive' as a precious commodity that must be 
stored in a reservoir. Dement suggests that the regularity 
of REM periods during sleep may be explained by the need 
for discharge of a neuronal drive system that constantly 
builds up, but as PGO spikes can occur in all sleep stages, 
this does not adequately explain the function of REM nor 
the cyclic recurrence of REM periods. Also in this context, 
the result of several nights' REM sleep deprivation does 
not produce an initial REM sleep period on the first recovery 
night; there is usually an initial NREM period followed by 
a cyclic recurrence of NREM sleep between REM periods.
The alternation of REM and NREM sleep whether by a clock 
or flip-flop type of mechanism seems to persist strongly 
and is not satisfactorily explained by Dement.
Snyder sees the regularity of REM periods as being due 
to the need for periodic vigilance, and the drive enhancement 
induced by REM deprivation would be adaptive in a natural 
environment. It would seem that Snyder's explanation of 
the regular recurrence of REM periods are superior to those 
of Dement. In addition, the function proposed by Dement 
for REM, of 'letting off steam' seems wasteful. Evolution
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is characterized by economy of resources, and surely over 
millions of years of evolution a better use could have 
been found for excess drive energy.
In conclusion to this brief review of the theories 
of dreaming we can say that the evolutionary theory 
proposed by Snyder is at least as good as the other 
theories when we consider some of the evidence or rather 
lack of evidence on which the other theories are based.
Snyder suggests that sleep can be explained in adaptive 
evolutionary terms. Energy conservation is the primary 
aim, while vigilance needs are satisfied by brief wakings 
at the end of REM periods. The function of the periodic 
REM sleep is to provide pre-awakening activation so that 
the animal will be alert on waking. Snyder's theory has 
two distinct advantages over most of the other theories:
(i) In providing an account of the functional and evolutionary 
significance of sleep behaviour, a plausible function for 
both REM and NREM sleep emerges. (ii) It offers an 
explanation of the wide variation in sleep need between 
and within different species.
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CHAPTER 2 A CRITICAL REVIEW OP jSHTDER'S EVOLUTIONARY 
THEORY OP DREAMING
In chapter 1, different theories of dreaming were 
discussed and Snyder's evolutionary theory appeared to 
he a plausible explanation of the function of sleep and 
particularly dreaming sleep. We will now consider the 
experimental evidence that has a bearing on Snyder's 
theory; this will be discussed in terms of his premises.
An attempt will also be made to derive some ways in 
which the theory might be tested.
Premise 1 : "There is a survival advantage to a maximal 
extent of sleep compatible with the satisfaction of 
nutritional needs, and this would have been especially 
true in the primitive mammalian predicament" (Snyder,
1966, p.130).
As Snyder points out, the most obvious objection to 
this idea is that sleep renders the animal helpless to cope 
with unpredictable danger. One might argue that no animal 
ever need sleep, and the extra energy that would be required 
by 24 hour activity could be satisfied by extra food 
gathering, and the animal would never be caught 'napping'. 
However, two factors come to mind that argue in favour of 
sleep: firstly, food scarcity is probably as effective as 
predation in limiting the spread of a species, and sleep 
certainly reduces the per-capita food requirement. In this 
way animals that slept could be either better fed or maintain 
a higher population density - both being adaptively advantageous.
A second factor in favour of sleep is the security attained 
hy many species in their sleep environments. An animal 
sleeping in its nest or burrow is much less likely to be 
attacked than one roaming in search of food.
Perhaps the most important difference between Snyder 
and most other theorists is that he proposes an evolutionary 
explanation of sleep function without invoking hypothetical 
biochemical or physiological restorative processes. He 
does not deny that restoration of some type probably takes 
place but the burden of proof should be, and still is, 
on those who postulate such a function for sleep.
So far, no convincing evidence concerning biochemical 
or physiological restoration in sleep is forthcoming. The
results of sleep deprivation experiments in man and animals
shed very little light on this mystery ; there certainly 
exists an increased tendency to sleep as a result of sleep 
deprivation and many bodily systems are upset, especially 
energy metabolsim. It is premature to use these experiments 
as evidence that some vital function is denied in sleep 
deprivation. Perhaps all we can say is that the mechanism 
that induces sleep each night is denied its normal operation 
and all the effects of sleep deprivation may be due to this,
rather than some 'need’ that is unfulfilled.
The most convincing evidence that sleep is an adaptive 
mechanism rather than a restorative process comes from inter- 
and intra-species comparisons. An examination of sleep in 
different mammals reveals a wide variation in the amount of 
sleep, the type of sleep and the temporal location of the
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sleep periods- Mammals seem to fall into two broad 
categories in terms of sleep needs; predators and prey.
The former are deep sleepers who spend large amounts 
and long periods asleep; they have very few wakings in 
their sleep and get a considerable amount of REM sleep 
(20-50%). Examples of such sleepers are men, cats, dogs, 
bears etc. By contrast, species that are subject to 
predation especially predation during sleep are very poor 
sleepers. Indeed, the antelope (Hediger, 1969) spends no 
more than a few minutes per day asleep. The sleep of 
these vulnerable species is usually in the form of short 
naps, but extended sleep when it occurs is broken by many 
wakings and contains very little stage REM (less than 10%; 
Hediger, 1969; Allison & Van Twyver, 1970). The ungulates 
comprise a large portion of this group. These animals 
spend much time grazing and are therefore continually 
exposed to danger of predation. They do not usually seek 
refuge when danger threatens, but flee. As might be expected, 
under these conditions most ungulates take very little sleep 
and even when they do sleep their capacity for vigilance 
is only minimally reduced. An additional protection is 
gained from the gregarious nature of most of these species; 
in any one herd, most of the animals are awake at any one 
time.
These animal observations are interesting in that large 
differences in amount of sleep are related closely to 
vulnerability of the species. It is not yet possible to 
link these factors causally because of the existence of so 
many other differences between predator and prey species.
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Snyder’s theory would predict large variations in sleep 
quantity depending on whether the species could afford 
the risk of extended sleep, and so save on energy. The 
sleep differences of predators and prey are exactly what 
we would expect, hut more convincing evidence is desirable 
and available. Allison and Van Twyver (1970) report the 
sleep pattern of the African baboon which is a strong 
fighter and an omnivore ; we would expect its sleep to be 
that of a predator. This is not so; its sleep is very 
fitfull and contains very little stage HEM. After 
extensive adaptation to the laboratory, only 5% of stage 
REM is present. At night the baboon is not secure, 
sleeping in the tops of small scrub trees where he is 
often easily visible, silhouetted against the sky. The 
chief enemy is the leopard, a good tree climber who hunts 
at nights, so it is not surprising that the baboon is a 
fitfull sleeper. A close relative of the baboon, the 
macaque monkey of Asia, sleeps very well although a very 
similar animal to the baboon in its life style. It has a 
few predators but being smaller than the baboon and agile, 
it can climb to the very top of its sleeping tree and hence 
out of danger. After short adaptation, it sleeps 8 hours 
per night in the laboratory and gets about 20% stage REM. 
The different sleep patterns in these two closely related 
primates are related to environmental danger in exactly 
the way we would expect from Snyder's theory.
eî «
Gibson and Broughton (1969) have shown that threat 
to a species can immediately and drastically alter the 
sleep pattern. The sleep of rats was recorded, under 
normal circumstances, as containing 12% REM, with 54% 
of the sleep period spent awake. Introducing cats into 
the laboratory had no effect on the rat's sleep pattern; 
however when the cats were made to exhibit threat 
behaviour, the amount of REM was reduced to 5% and the 
rats spent 72% of the sleep period awake. It seems that 
the proportion of sleep spent in REM is reduced and the 
amount of wakefulness during the sleep period is 
increased for insecure sleepers.
There exists a group of animals that do not seem to 
fit this predator/prey analysis of sleep. Eor example, 
the mole, hamster and ground squirrel have the sleep 
patterns of predators, but they are not predators. The 
answer may be that although they do have enemies, their 
sleep environment protects them sufficiently for their 
sleep to be undisturbed. They all sleep underground and 
while they remain there, they are quite safe. These inter­
species comparisons show that when a species is vulnerable, 
and especially when vulnerable during its sleep period, 
its sleep tends to be short, broken by many wakings, with 
little stage REM.
Other factors besides the danger from predators may 
control sleep and we can often see sleep patterns that are 
appropriate to the peculiarities of a given species.
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Sight-dependent animals, especially birds, sleep tlironghont 
the hours of darkness. There is one flying mammal however, 
that is most active at night - the bat. This animal can 
navigate at night and can therefore feed under the 
protective cover of darkness.
Theories of sleep that suggest some vital restoration 
occurs in sleep, cannot explain the diverse sleep needs 
of different species that have similar physiology and 
biochemistry; the close relationship of environmental 
factors to sleep quantity and quality strongly supports 
Snyder's contention that sleep is primarily of adaptive 
significance. Further support for this view comes from 
intra-species studies of sleep. In man, sleep needs vary 
according to a normal distribution with a mean of about 
7-8 hours (Tune, 1958). If sleep fulfills some vital 
function we would expect there to be a minimum amount of 
sleep, below which no healthy person would be able to 
exist for any length of time. Jones and Oswald (1968) 
report a study of two Ss who regularly took only 5-4 hours 
sleep per 24 hours ; also I have participated in a study 
of a 70 year old woman who takes an average of only one 
hour of sleep per 24 (Meddis, Pearson & Langford, 1975»)
The Ss in these two studies showed no deficit in behavioural 
energy; on the contrary they seemed to be more active and 
alert than their peers. Such instances of people managing 
on very little sleep argues against the view that extended 
sleep is neededfor a vital restorative process.
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One might argue that in these humans that have little 
sleep, all the restoration required might be concentrated 
into a short period, but this involves more unwarranted 
assumptions about the hypothetical restorative process.
It seems better to accept the adaptive explanation of 
sleep as of primary significance whilst not denying that 
restorative processes could take advantage of sleep.
If restoration processes do occur they probably remain 
a minor factor in controlling onset and duration of sleep.
An interesting point to consider is that all animals 
sleep even though some take only a few minutes in 24 hours. 
From an evolutionary point of view, the extinction of the 
last traces of sleep in those animals that can not afford 
the luxury of sleep will probably be very slow, because 
they would only minimally affect the chances of survival 
of the animal. This in fact could be very advantageous to 
the species as the extinction of its predators could remove 
the danger which reduced sleep in the first place. If the 
sleep pattern is retained it will be gradually reintroduced 
by the superior survival of the members of the species that 
take most sleep. Thus over many generations an equilibrium 
is established between the energy conservation of extended 
sleep and the need to be constantly vigilant to external 
threats to survival.
The remaining two premises are best considered together 
as they are intimately related in describing the function 
of REM sleep.
36
Premise 2 ; "The brief but periodic arousal following REM 
periods serves a 'sentinel' or vigilance function"
(Snyder, 1966, p.151).
Premise 5 ; "The REM state provides preparatory activation 
prior to each 'sentinel' awakening" (Snyder, 1966, p.151).
Wakings in Human Subjects
No species spends a long time asleep without occasional 
transient arousal; this is true even of man. He is one of 
the least disturbed sleepers, but wakes several times a 
night, even if these wakings ^ e  forgotten in the morning 
(Kleitman et al., 1935). Several studies provide clues 
to the patterning of wakings during sleep. Dement (1962) 
reported informally that 85% of REM periods in humans end 
with a gross body movement (GEM) accompanied by at least 
transient EEG arousal. It would be interesting to know 
how many other arousals occurred during sleep and what 
proportion were accounted for by arousals at the end of 
REM. Otherwise the significance of Dement's findings for 
Snyder's theory cannot be estimated. Dement (1966) stated 
that the artificial pressures of our culture cause us to 
sleep through the night relatively undisturbed and in more 
primitive societies this is not necessarily the case; he 
describes pygmy camps as always having someone awake at 
night. Johnson (1951) found wave-like variations in the 
frequency with which sleepers stirred ; the waves were of 
85-90 minutes duration, the same as the cycle of REM sleep.
No EEG data was available at that time and the pattern was 
not found in all Ss. It is clear that no adequate study
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of wakings in human sleep has yet been carried out; such 
a study would have relevance for Synder's theory and will 
be attempted in chapter 4.
The Criterion of Waking
The lack of useful data on wakings during sleep, 
especially in human Ss, is probably due to a difficulty 
in finding a useful criterion of waking. EEG studies of 
human sleep rely on the presence of muscle tone and/or 
alpha rhythm in the EEG trace and rarely is there any 
observation of the sleeper. Arousals for vigilance 
purposes need only last a few seconds and indeed should 
do so to retain the advantage of sleep, and here we meet 
a major problem of how to decide when an arousal is present, 
and whether it is important enough to justify the term 
vigilance waking. When using human Ss their cooperation 
perhaps could be enlisted in responding in a particular 
way each time they woke but even this approach has its 
attendant problems. Oswald et al. (1950) and Williams 
et al. (1966) have shown that it is possible for human Ss 
to respond to stimuli whilst still asleep. In the following 
experiments an attempt will be made to develop a suitable 
criterion for vigilance awakenings, so that arousals 
accompanied by a high degree of alertness, whether short 
or long, may be identified. Wakings by such a criterion 
will be assumed to represent Snyder's vigilance awakenings.
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Wakings in Animals
Animal studies have revealed more evidence on the 
subject of wakings, probably because most animals wake 
more often than man. Snyder was apparently influenced 
by his studies of the opossum in formulating bis theory.
When first brought into the laboratory Snyder reports 
that the sleep of the opossum is very disturbed, more 
wakings occur and REM periods are interrupted or replaced 
by wakings. When adapted to the laboratory the number 
of wakings in sleep are less and REM periods are rarely 
interrupted. One important point which remains unexplained 
by Snyder is; what is the function of wakings which do not 
interrupt or replace REM periods? The concept of wakings 
replacing REM periods is also rather weak unless there is 
a predictable REM cycle, and there usually is not. The 
danger here is over-inclusion of wakings into the category 
of vigilance wakings without sufficient justification in 
the form of antecedent REM or firm evidence that a REM 
period would be expected at the time the waking occurred. 
Perhaps in a sense all wakings are useful for vigilance 
purposes but some of them (following REM) are more useful 
than others. This rather depends on the validity of Snyder's 
third premise. In a situation where fight or flight is 
required, wakings from REM are no more useful to the animal 
than wakings from NREM sleep, unless REM has an activating 
function.
Burt et al. (1970) in a study of the sleep of chimpanzees 
found that wakings occurred most often from RE1 sleep; the
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chimps were unrestrained during recording and it was found 
that 52% of REM periods were followed hy waking compared 
with 58% of stage 1 periods, 54% of stage 2 periods, 51% 
of stage 5 and 40% of stage 4 periods. Although the 
highest rate of wakings was from REM sleep, most wakings 
occurred in RREDI sleep.
Evidence for a cycle of NREM, followed by REM,, followed 
by a waking period would be a powerful argument in favour 
of Snyder’s theory. Such evidence comes from two animal 
studies. Roldan et al. (1965) in their work on rats found 
that the responsiveness of the ascending reticular activating 
system (ARAS) was abruptly restored to a high level at the 
short waking, which was found to occur after 80% of REM 
periods. The remaining 20% of REM period terminations were 
comprised of either long periods of wakefulness or occasions 
when there was no arousal. They considered their data was 
best described by a NREM-REM-Waking cycle, but did not 
speculate at that time on the significance of REM preceding 
the waking. Kripke et al. (1968) also found evidence for a 
NREM-REM-Waking cycle in rhesus monkeys. Frequent wakings 
occurred, particularly after REM periods and a total of 20% 
of the sleep period was spent awake.
The above experiments provide good evidence for an 
arousal following most REM periods in several species. If 
these wakings are ones in which the animal is alert and able 
to deal effectively with environmental danger, they would 
provide strong support for Snyder's theory. These are not
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the only wakings however, and although Burt's study shows 
greatest frequency of waking in REM, the total number of 
wakings in all other stages is considerably larger than 
the number in REM. An explanation must be found for 
these other wakings. Rather than Snyder's categorical 
statement that arousals occur at the end of REM periods 
and their purpose is vigilance, it might be better to say 
that vigilance arousals most probably occur at the end of 
REM periods, but can occur at other times in the night.
In chapters 3 and 4 we will study how vigilant man is 
during these transient wakings and this may throw some 
light on the problem; it might distinguish arousals from 
REM as being in a different category from other arousals 
in terms of responsiveness to the environment.
The Effect of Stress
Snyder's data on the opossum showed more wakings to 
occur from REM in the initial adaptation to sleeping in 
the laboratory. The mechanism described by Sryder seems 
to come to the forefront in times of stress. In the 
phenomenon known as the first night effect (HIE; Agnew 
et al. 1965) increased wakings occur, accompanied by 
reduced REM sleep time and reduced total sleep time when 
subjects first sleep in the laboratory, presumably a 
stressful experience. From an adaptive point of view the 
increased frequency of awakenings would be advantageous in 
a stressful situation and the data is in agreement with 
Snyder's claim that the REM state is sensitively adjusted
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to the degree of perceived danger. When threat is high, 
the REM state fails entirely to preserve the continuity 
of sleep, hut for good biological reason.
One of the major effects of stress on sleep is a 
reduction in the stage REM time and there exists an 
interesting parallel between artificial deprivation of 
REM by forced awakenings (Dewçoï  ^et al. , 1967) and the 
natural REM reduction accompanied by increased awakenings 
as a result of stress. The enhancement of drive oriented 
behaviour noted in REM deprivation studies is adaptively 
advantageous and may be one of the significant consequences 
of natural REM reduction under stress.
The shortening of REM periods under stress urges close 
examination of Snyder's third premise. If REM sleep provides 
the necessary activation prior to a sentinel awakening, then 
under stress the animal may not be fully aroused when it 
wakes,owing to the abbreviated REM period.
This would be adaptively disadvantageous and seems 
unlikely to be the caset but perhaps the reason why the REM 
period is shortened is the same reason that could be 
responsible for full activation that is desirable on waking. 
Snyder assumed that stress and danger directly reduced REM 
period duration, but perhaps stress provides a constant 
positive increment of background activation or arousal.
If this were true a waking could occur earlier in the REM 
period as the animal would reach the desired level of 
activation necessary for fight or flight sooner. In this way
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the most effective adaptive behaviour is produced as a 
result of stress acting to raise a background level of 
activation or arousal that pervades sleep and waking; 
the stress finds its expression in BMl and thus increases 
activation in REM to a level sufficient to cause an alert 
awakening. This type of mechanism would produce the 
inverse relationship between the amount of REM sleep and 
wakefulness suggested by Snyder. In the absence of any 
threat in the environment, REM sleep periods continue 
relatively undisturbed except for a final very brief 
sentinel awakening.
Performance after Waking
We will now examine some experiments concerning 
performance after waking from different stages of sleep 
to see if they support the activating function of REM 
proposed by Snyder. In their studies of sleep in human 
children. Gastaut and Broughton (1965) found that children 
were very difficult to arouse from NREM sleep (stages 1,
2, 5 and 4) and appeared extremely confused, but this was 
never the case after REM state awakenings. Piss et al.
(1966) found that thought content was blocked, perseverative, 
and impoverished after SVJS (stages 3 snd 4) in adults, but 
after REM state awakenings, thought content was vivid and 
imaginative, and reaction times were faster. Mandell et al. 
(1964.) reported special mental alertness after REM sleep 
compared with NREM sleep. They read digit series to sleeping 
Ss and instructed the Ss to recall the numbers when woken
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5 seconds later; recall was much better after REM. These 
studies should be interpreted with caution as no assessment 
is made of the contribution of duirnal variation in 
performance. They are also difficult to criticize because 
they are not reported in great detail.
Broughton (1968) listed six effects on waking from 
SWS: mental confusion and disorientation, automatic behaviour, 
relative unreactivity to outside stimuli, poor response to 
efforts to provoke wakefulness, retrograde amnesia, 
fragmentary or no recall of mental content prior to waking.
He thought that some of these symptoms may have been caused 
by the arousal process, and conducted control studies on 
wakings from REM sleep. Although arousal threshold in REM 
was relatively high, the Ss became lucid almost immediately 
and in 70% of cases recalled dreaming. Kales et al. (1964) 
have also reported similar differences between sleep stages. 
Broughton also studied visual evoked potentials and found 
that after REM state awakenings, potentials were similar to 
normal waking response; after SWS however, marked differences 
in the evoked potentials existed and normal waking response 
was not restored by five minutes after waking. Their results 
seem to show that potential for critical reactivity after 
waking from REM sleep is probably much greater than after 
wakings from SV/S.
The most abundant stage of human sleep is however, 
stage 2 and experiments have failed to show that performance 
after REM is better than performance following stage 2 
(8cott & Snyder, 1968). As both stage 2 and REM occur
predominantly in the second half of the night in human Ss, 
it would seem very important to Snyder's third premise, to 
compare the effects of these two sleep stages. In animal 
sleep very little or even no stage 2 sleep occurs, as it 
does in humans who manage on little sleep (Wehh & Agnew,
1970-; Jones & Oswald, 1958; Meddis, Pearson & Langford,
1973). Most sleep cycles in animals contain a portion of 
SWS (stages 3 and 4) (Burt et al., 1970). It could he 
that the prime role of REM sleep is to offset the 
undesirable after effects of stages 3 and 4, which 
certainly impair performance after waking (Scott & Snyder, 
1968). This interpretation would excuse small differences 
in performance between wakings from stages REM and 2.
If however, REI^I does have an activating effect, there 
should be a difference between performance after stage 
REM and 2 wakings even though it might be a small one ; 
this will be tested in chapter 6.
If the function of REM is to offset the harmful 
effects of SWS, it is odd that REM periods are longer in 
the second half of the night when little SWS occurs. This 
characteristically human sleep pattern is rare in other 
species and it may be related to the security of humans 
when asleep. Frequent wakings for vigilance produced by 
a polycyclic NREM-REM-Waking sleep pattern are not needed 
by humans, so the tendency for the polycyclic pattern to 
merge into a monocyclic pattern may be present. Human sleep 
could be described as a mixture of two components : a single 
cycle lasting about 8 hours (monocyclic) and a similar cycle,
but of 90 minutes duration (polycyclic). The 8 hour 
component accounts for a predominance of SWS early in 
the night and REM sleep later in the night, with few 
interspersed wakings. The 90 minute cycle would be the 
familiar cycle of NREM-REM-Waking. There is a precedent 
for this in the one hour sleep and wakefulness cycle of 
the human infant which changes to a 8 hour cycle in the 
adult. The shorter cycle could predominant if the S is 
under duress and there is need for frequent vigilance 
and the longer 8 hour cycle would return when security 
is once more attained. Mammals are not able to control 
the threat in their environment very well and so they 
usually retain a pure polycyclic sleep pattern that 
provides regular vigilance awalcenings.
Arousal Threshold
Another way of studying the problem of vigilance in 
sleep is to study arousal threshold in different sleep 
stages; responding to an important stimulus may on some 
occasions be more vital than periodic unprompted sentinel 
wakings. Snyder (1959) takes the view that arousal 
threshold in REM should be low. He bases this assumption 
on the heightened inward arousal that is characteristic 
of the REE-I state, and he is disappointed to find that studies 
of arousal threshold in cats, to electrical stimulation of 
the mesencephalic reticular formation (MRP) result in 
thresholds in REM similar to stage 4. Snyder points out 
that most of this evidence is based on electrical stimulation
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of the MRP rather than any naturally occurring stimuli and 
that natural stimuli could well produce a low threshold.
As the sleep mechanism tries to produce a maximum extent 
of sleep it would be reasonable for any animal to respond 
only to specially important stimuli. The neurophysiological 
evidence summarized by Routtenberg (1955) shows that in 
REM, the limbic midbrain arousal system (LMAS) which is 
primarily concerned with reward or special stimuli is 
predominant and inhibits the ARAS. Stimulation mediated 
by the LMAS would seem to provide a more realistic measure 
of threshold than stimulation of the MRP as this might be 
analogous to presenting the animal with stimuli that would 
be worth waking up for. I should point out that it is 
neither necessary nor desirable for arousal threshold in 
REIM to be low to fulfill the role for REM hypothesized by 
Snyder of providing periodic sentinel awakenings 
characterized by a readiness for action established by the 
preceding activating REM sleep. An increased sensitivity 
to important stimuli would however be expected from the 
neurophysiological organization of REM sleep. Van Twyver 
and Garrett (1972) tested this; rats were trained to avoid 
a shock and tested during sleep. Arousal threshold in REM 
was found to be greater than SWS but the tendency to react 
adaptively once awakened was greater for REM than SWS.
They concluded that the data did not support the sentinel 
function of REM in the rat with this particular stimulus, 
but they admit that the stimulus was not of innate significance 
to the rat and the rats were a domesticated strain. Another 
recent study in rats by Davis et al. (1972) used a supposed
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innately meaningful stimulus - vibration - to determine 
arousal threshold. They also found threshold highest in 
RET-Î and concluded that the REM state is not a period of 
heightened sensitivity to special or innately important 
stimuli. These two studies suggest that it may be the 
arousal following REM that may be important as a vigilance 
response rather than heightened sensitivity in REM itself.
The significance of the awakening stimulus is however 
very difficult to assess in animals. Gibson and Broughton 
(1969) have shown that cats only affect the sleep of rats 
when they are made to produce threat behaviour. The mere 
presence of the cats was not sufficient to significantly 
disturb the rats' sleep.
The many other studies of arousal threshold supply 
some contradictory evidence in human sleep; arousal 
thresholds in REM seem to be similar to or even lower 
than those in stage 2, and considerably lower than those 
in stages 3 or 4 (Williams et al., 1964; Rechtschaffen 
et al., 1966; Okuma et al., 1966). The evidence on this 
complex issue will be more fully discussed in chapter 3? 
and arousal threshold will be measured in both stages 
REM and 2, with significant stimuli.
Summary
The foregoing evidence provides considerable support 
for Soyder's evolutionary theory of sleep and dreaming, 
particularly on the activating nature of REM sleep and the
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presence of sentinel wakings at the end of REM. The 
evidence suggests that the theory may require some 
modification and further testing, particularly concerning 
wakings which do not occur at the end of REM. It would 
he very useful if some criterion of vigilance could he 
established so that arousals could be sorted into sentinel 
and non-sentinel awakenings. If sentinel wakings, according 
to some such criterion were found to occur in sleep stages 
other than REM, Snyder's theory would require modification.
It is also quite probable that wakings are caused by a 
combination of a number of factors besides the preceding 
sleep stage. Snyder suggests that the current level of 
threat in the environment is the main factor. Environmental 
threat produces anxiety in the sleeper and it is tempting 
to include other drive-like states such as hunger, thirst, 
discomfort etc. into the possible contributory factors in 
causing periodic arousal.
Significant stimuli are undoubtedly potent in causing 
arousal and at present the threshold of arousal is incompletely 
understood; the most striking inconsistencies are between 
human and animal experiments. Studies on the effect of 
different stimuli and the processes of habituation during 
sleep in humans and animals are desirable to sort out the 
confusion.
Studies on performance after arousal from sleep show 
that performance is better on waking from REM sleep compared 
with SWS, but much of human sleep is comprised of stage 2; 
performance after stage 2 wakings is similar to walkings
49
after stage REM. Perhaps more sensitive tests or different 
tests might support the activating function of REM.
In the following chapters, four main aspects of 
Snyder's theory are investigated:
(1) The presence of vigilance awakenings during human sleep.
(2) The pattern of sleep, including the amount and 
distribution of the sleep stages, as a function of 
different forms of stress.
(3) Arousal threshold in different stages of sleep.
(4) Performance after awakening from different stages of 
sleep.
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CHAPTER 3 EXPERIEEHTAL METHODS ADTD PILOT WORE
In tills chapter several pilot experiments are 
described which investigate some of the implications 
of Snyder's theory of dreaming. A criterion was 
developed for wakings so that vigilance throughout 
human sleep could be studied- The pilot work provided 
data and techniques concerning arousal threshold and 
performance following forced and spontaneous arousals 
from different sleep stages. Firstly, the experimental 
methods and techniques are described in some detail, as 
some of these methods were used in each of the following 
chapters.
Sleep Recording Equipment
The sleep laboratory comprised two adjacent rooms with 
a connecting door. The bedroom contained two beds and was 
ventilated by an electric fan. A two-way sound system 
enabled the experimenter (E) and S to communicate; response 
recording, or stimulus presentation was possible by the 
addition of a tape recorder. Two AEl 8-channel polygraphs 
were located in the recording room- The usual variables 
recorded on the polygraph were: 2 electroencephalogram (EEG) 
channels, 1 electromyogram (EMG) channel , 2 electro oculogram 
(EOG) channels, second and minute time markers, 1 sound 
channel and 1 event marker channel. The sound channel was 
fed by the intercom output to indicate any sounds made by the 
S. The event marker channel on the polygraph provided a 
record of responses made by the S pressing a switch-
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Sleep Stage Scoring
In all experiments, the Redits chaff en and Kales (1968) 
manual was used as the criterion for the scoring of the 
sleep record. Sleep stages were all scored in one minute 
epochs, hut gross body movement (GBM) time and alpha rhythm 
that accompanied transient wakings were measured in seconds.
Electrode Positions
The common reference te clinique of recording (the 10-20 
system; Jasper, 1998) was used whenever possible. The 
mastoid bone behind the left ear was used as an earth and 
the right ear mastoid bone was the reference. EEG signals 
were taken from the vertex (Gz) and the occipital lobe (CQ. 
The vertex position was used for sleep stage scoring as the
Ci
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most prominent slow waves come from this site. The occipital 
position was chosen to give a good indication of alpha rhythm 
occurring during transient wakings. Eye movement potentials 
were taken from the outer canthus of each eye. The two eye 
channels on the polygraph were arranged to produce out-of-phase
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signals for binocular conjugate eye movements; this was 
to distinguish eye movements from artifactual EEG signals 
that unavoidably occur in the eye channels but produce 
in-phase deflections. Muscle tone was recorded from a 
single EMG electrode attached to the jaw referred to the 
right ear.
Settings
The paper speed on the polygraph was set at 1.5cm. 
per sec. which was the slowest speed at which discrimination 
of 12-1hHz sleep spindles was possible. The filters on the 
polygraph were set at 25Hz for EEG channels and 15Hz for 
EOG channels to reduce 50Hz mains hum, and off for the 
EMG channel. Time constants were .5 sec. for EOG channels 
and the vertex EEG channel, .1 sec. for the occipital EEG 
channel and .05 sec. for the EMG channel. At the end of 
each night's recording, 50 and 100 micro-volt callibration 
marks were made on all channels.
Electrode Application
The relevant area of skin was cleaned with alcohol.
The EEG electrodes were glued to the scalp with collodion 
and the electrodes were filled with electrode jelly from a 
syringe. All other electrodes were located with surgical 
adhesive tape. Two pieces of tape, were used in the form 
of a sandwich for each electrode. A small hole (5mm.) was 
cut out of the centre of the inner piece of tape to allow 
the electrode jelly to contact the skin. A silver cup
electrode filled with jelly was located between the two 
pieces of elastoplast. The advantage of this technique 
was that the conducting jelly was bedded in a cocoon and 
therefore unable to impair the bond of the inner piece 
of tape with the skin. Electrodes fixed in this way 
rarely came loose and never dried out in an 8 hour 
recording session.
Pilot Experiment 1
The purpose of pilot experiment 1 was to investigate 
the general pattern of sleep stages during three consecutive 
undisturbed nights and particularly, to observe the occurrence 
of spontaneous wakings during EEM sleep. The sleep records 
of 4 Ss sleeping in pairs for three nights were studied ; 
the amount of REDI sleep, the amount of GBM in REM, the 
amount of alpha rhythm time in REM, rate of wakings during 
sleep and the proportion of the sleep period spent awake 
were measured.
Results showed that individual differences in all 
variables were large, and a paucity of data (N = 4-) precluded 
any significance testing. The trends observed in the data 
were: (1) an increase in the percentage of REM from nights 
1 to 5 (2) a lower rate of waking in night 5 compared with
nights 1 and 2 and (3) less time spent awake on the third 
night compared with nights 1 and 2. These findings are in 
agreement with studies of the first night effect by Agnew 
et al. (1966). The findings are also supported by Snyder's
5observations on the sleep of the opossum, which showed less 
REM and more wakefulness on the first night. Little useful 
information comes from the figures of GBM and alpha rhythm 
time in REM although the GBM time was highest on the first 
night- There was no consistant relationship between the 
rate of wakings in sleep and GBM time in REM or alpha 
rhythm time in REM sleep-
Two major problems in studying wakings were:
(i) movement artifact tended to obscure EEG alpha rhythm and
(ii) there was no generally accepted criterion for muscle 
tonus amplitude which could be scored as GBM. The use of 
these electrophysiological data as sole criteria for wakings 
was therefore not completely satisfactory. Perhaps the most 
serious problem was the very small period of time that Ss 
spent awake during sleep; vigilance wakings could easily 
last no more than a few seconds. With these shorter wakings 
there is proportionately less electrophysiological material 
on which the level of arousal is assessed. Hence increased 
ambiguity exists for the shorter arousals and as these are 
the wakings which we are interested in studying, an 
alternative criterion is necessary. The new criterion, 
described in pilot experiment 3, took advantage of the human 
S's ability to follow instructions in order to obtain a 
behavioural response criterion of waking, in addition to the 
GBM and alpha rhythm measures.
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Pilot Experiment 2
The purpose of this experiment was to further study the 
frequency of wakings during sleep and to see whether the 
ones that are recalled in the morning were preceded by 
dreaming (Snyder's sentinel awakenings). Pour Ss noted 
each morning how many wakings occurred during the previous 
night and how many they recalled as having been preceded by 
dreaming. Data for 20 consecutive nights were collected; 
the latter 14 nights were spent on holiday in Greece.
More wakings per night were reported during the holiday 
(mean = ?.1) compared with the preceding non-holiday period 
(mean = 5-2). The fact that more walkings were recalled on 
the holiday period compared with sleeping at home suggested 
that increased vigilance may have existed in the foreign 
environment. However, the factors responsible for this 
increased vigilance could have been related to environmental 
changes such as cold or different beds or threat from the 
outside environment. As it is impossible to separate these 
causative factors in this study, no firm conclusions can be 
drawn about how these data contribute to Snyder's theory.
Both before and during the holiday, 50% of wakings were 
reported as being preceded by dreaming, which is more than 
one would have expected on the basis of HEM sleep occupying 
only 20-25% of sleep. This finding seems to support Snyder's 
contention that vigilance wakings occur from HEM sleep, but 
as the wakings occurring later in the night would have been 
much better remembered in the morning, the results might 
simply be explained by the predominance of HEM in the latter 
half of the night.
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Pilot Experiment 3
The main purpose of this pilot study was to evolve a 
criterion of waking and to take a more detailed look at 
wakings during sleep. Two subjects slept in the laboratory 
for 1 night each, with full physiological monitoring.
A very quiet tone, 3dB above the ambient noise of the room 
was present continuously. The Ss were asked to press a 
micro-switch taped to their hand, on each occasion that 
the continuous tone was turned off momentarily. By turning 
off the tone, E was able to determine when the S was almost 
awake and alert enough to respond to this small stimulus. 
%)ontaneous wakings tended to cluster at the beginning and 
end of REM periods, and there was a tendency in both Ss 
for many wakings to occur at the expected time of the first 
REM period calculated by extrapolation from the REM cycle.
Onset of the first REM period was delayed in both Ss but 
this is common on the first night in the laboratory. Eor 
one S, wakings occurred most frequently in stages REM and 1, 
and for the other S, stages 1 and 2. The small numbers of 
wakings from each stage made it impossible to draw any 
specific conclusions.
Signalled arousals (SAs - the S pressing the switch) 
occurred very rarely to turning off the tone, and this seemed 
to be due to poor motivation of the Ss, as other responses 
to the cessation of the tone occurred quite frequently.
Eor example, K complexes and eye movements in one S occurred 
frequently at the beginning of the night but were followed 
by considerable habituation (Chi-square = 6.8, df = 1, p < .01 
for night halves). The tone was turned off by E about 300
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times during the night for each S and this number of trials 
is probably far too many to expect Ss to respond to. A 
total of 15 SAs occurred in response to the tone off and 
we may presume that on these I5 occasions the Ss were more 
alert than on other presentations of the stimulus. If we 
wish to study the occurrence of sentinel wakings during 
sleep, it seems to be a mistake to make the S signal that 
he is awake when he perceives a stimulus, especially if 
habituation processes are going to render the stimulus 
ineffective. The obvious solution is to make the S's 
signal contingent on his awareness that he is awake.
In this way responding cannot occur until after the S 
wakes up, and problems of habituation to stimuli disappear. 
If this approach is used, signalling during sleep (reported 
by Williams et al., 1966) should not occur; the S might be 
able to perceive and respond to a tone while still asleep 
but he cannot perceive that he is awake when he is asleep - 
unless he is dreamingi Such artifactual trials could be 
eliminated by ensuring that each signal was accompanied 
by EEG signs of awakening.
In later experiments, sentinel awakenings were defined 
as arousals that were accompanied by a sufficient degree 
of alertness and orientation for the S to be aware that he 
was awake and was capable of signalling such a state by a 
simple overt response.
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Pilot Experiment 4
Pilot experiment 5 showed that habituation to stimuli 
occurred during sleep and so might seriously interfere with 
measures of arousal threshold that rely on frequently 
repeated stimuli. Pilot study 4 was devoted to comparing 
the effectiveness of different stimuli in waking a sleeping 
S, and to examine the S's mood on arousal. Three Ss spent 
one night each in the laboratory. Two of the Ss were each 
subjected to six forced awakenings by a hierarchy of stimuli. 
Firstly the bedroom light was turned on. If this was 
ineffective in causing EEG activation, the bedroom door 
was opened (audible). If both of these measures failed, 
the S's name was called. No advantage was gained by ignoring 
the stimuli because stimulation was continued until the S 
woke up. The third subject was used to study spontaneous 
arousals; no forced awakenings were made. Subject 3 
produced eleven spontaneous wakings.
After each waking (whether forced or spontaneous) the 
S was given a short mood questionnaire and asked generally 
how he felt. A linear regression was performed on the data 
to remove time of night effect and the various scales were 
compared. A one way analysis of variance indicated that 
Ss were significantly less tired (P = 4.42, =1, Ug = 22,
p < .05) and more alert (P = 4.85, = 1, = 22, p < .05)
when waking from REM sleep compared with stages 3 and 4, but 
the wakings from stage 2 did not differ significantly from 
REM sleep. In fact on a dimension of happy-depressed, Ss
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were found to be most happy when woken from stage 2 and 
least happy when woken from stages 3 and 4. Interview 
data revealed that the Ss were definitely more drowsy 
and less well oriented when waking from stages 3 and 4 
but no difference was apparent between wakings from stage 
EEM, 1 or 2, except on the basis of reported dreams.
The results support Snyder's theory concerning the 
difference between stages REM and 3/4, and it is tempting 
to think that the presence of alertness and absence of 
tiredness after REM awakenings might be reflected in 
superior performance. At least it seems appropriate to 
include mood factors in any later more detailed study of 
performance after arousal.
The figures for forced arousals were compared with 
those for spontaneous arousals in order to test the 
following idea: if REM sleep is a process of internal 
activation finally resulting in readiness for action 
followed by a spontaneous sentinel awakening, best 
performance will be obtained by waiting until the 
activation process is completed rather than prematurely 
disturbing it. The best way of ensuring that the REM 
quota has been filled is to wait for the sentinel waking 
to occur before applying any tests of performance. No 
consistent differences were observed between forced and 
spontaneous arousals on the mood dimensions. It was felt 
however that with future tests of performance after arousal, 
particularly in comparisons of performance after stages 2 
and REM, the distinction between forced and spontaneous
arousals might he critical. Snyder’s model suggests that 
spontaneous arousals are more appropriate to study if we 
intend to test whether superior performance occurs after 
REM wakings compared with stage 2 wakings.
This study highlights some problems that will be 
controlled in later experiments. There are the potentially 
huge individual differences in arousal threshold which are 
perhaps related to the degree of anxiety in the given 
sleep environment. Different stimuli probably have varying 
significance for different people; also there is the problem 
of preventing habituation occurring to the stimuli that 
cause awakening. All of these factors seem to be collectively 
described by the motivational properties of the awakening 
stimuli, and studies of arousal threshold should perhaps 
concentrate on controlling this, if meaningful difference 
between the awakening thresholds of sleep stages are to be 
obtained.
Pilot Experiment 5
This last pilot study was aimed at selecting some 
appropriate test materials for distinguishing performance 
after arousal in different sleep stages. One S spent one 
night in the laboratory and was given a battery of tests 
on each of 4 occasions when she was woken (2 in REM and 
2 in NREM). The tests were: a short term memory span 
(digits foreward and backward), a long term memory task 
and a reasoning task (3 I-Q- items). The results indicated 
that short term and long term memory tasks did not distinguish
B1
between sleep stages. The time taken for the reasoning 
task and the number of errors made on the task showed a 
large variation, although not enough data were collected 
for meaningful sleep stage comparisons.
The findings support those of Scott (1969) that complex 
integrative tasks are considerably affected by preceding 
sleep stage. Perhaps if a sufficiently complex memory task 
could be designed it would be just as sensitive to preceding 
sleep stage as reasoning tasks. This approach seemed best 
when designing a battery of tests for measuring performance 
after arousal; rather than omitting insensitive tasks, they 
could be made more complex and perhaps more sensitive to 
variations in the type of performaance being measured.
Another important aspect of examining preceding sleep stage 
effects on performance is the short duration of any such 
effects. Webb & Agnew (1964) showed that adverse effects 
due to daytime Sl^ S disappear after about 1 minute from waking. 
Obviously any tests that are made should be as close as 
possible to the moment of waking if there is going to be 
any measurable effect.
Summary
The main value of these studies has been that several 
methodological and technical problems have become apparent, 
and that tentative methods for overcoming them have been 
developed ;
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(1) The need for an objective criterion of the onset of 
alert wakings in human Ss seems best fulfilled by asking 
the S to make a response when he becomes aware that he
is awake. This strong criterion can be used to supplement 
the EEG criterion.
(2) In experiments on arousal threshold it is of prime 
importance to control closely the motivational properties 
of each arousing stimulus (e.g. novelty, habituation, 
significance etc.).
(3) So that performance after arousal from different sleep 
stages can be distinguished more effectively, tasks should 
be as complex as possible but of short duration.
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CHAPTER 4 WAKINGS DURING SLEEP AND THE COMPOSITION OP 
A NIGHT'S SLEEP
The purpose of this experiment is three-fold: 
firstly, to determine whether signalled arousals (SAs) 
occur in human Ss and to explore their relationship with 
such factors as sleep stage and anxiety. Secondly, to 
examine the amounts of different sleep stages under a 
variety of conditions of stress. Thirdly, to examine 
the quantitative and temporal relationship between REIi 
sleep periods and time spent awake during the night.
Introduction
Three possible systems of sleep vigilance can be 
derived from Snyder’s theory. Pirstly, there is the 
possibility that vigilance requirements are satisfied 
by wakings of short duration that regularly follow REM 
periods, as suggested by Snyder’s second premise.
Secondly, REM sleep may be replaced by extended periods 
of wakefulness for vigilance purposes. Snyder’s work 
with the adaptation of the opossum to the laboratory 
supports this second interpretation. His theory implies 
that REM sleep is not vital and that it may be replaced 
by wakefulness when danger threatens. A third possibility 
is really a combination of the first two and is perhaps 
the most attractive. Wakings for vigilance may be short 
unless there is some internal need or external incentive 
which would prolong the waking. Some wakings would 
therefore remain short but the remainder would be prolonged,
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Under varying conditions of anxiety due to 
environmental threat, we would expect an inverse 
relationship between the duration of a REM period 
and the length of any waking in the REM period.
Great anxiety would terminate the REM period early 
and result in an extended waking period, but minimal 
anxiety would only produce brief sentinel awakenings 
and little reduction of REM sleep.
The animal experiments discussed in chapter 2, 
concerning wakings during sleep, indicated that wakings 
occurred more often in REM sleep. Whether these wakings 
were similar to Snyder’s sentinel wakings was not possible 
to say, as there was an absence of a suitable criterion of 
sentinel function. There have not been many experiments 
studying wakings in human sleep but the few that do exist 
point the way to finding a possible criterion for distinguishing 
sentinel wakings. Dement (1962) reported informally on the 
basis of casual observation that 85% of REM periods in 
humans end with a gross body movement (GBM) accompanied 
by at least transient EEG arousal. This sequence for the 
termination of human REM sleep has recently been confirmed 
by Toth (197^) who found many REM periods terminated by a 
GBM and accompanying alpha activity. On the remainder of 
REM period terminations there was a minor body movement, 
followed by 1-2 minutes of stage 1 sleep, then another body 
movement, followed by stage 2 sleep. It would seem therefore 
that REM periods are almost invariably terminated abruptly 
by a partial or full arousal indicated by GBM and alpha activity.
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The factors that determine whether or not a full arousal 
terminates a REM period are probably related to what 
Dement (1955) calls cultural pressures; the absolute 
security attained by modern man while asleep obviates 
the need for frequent sentinel wakings and this is not 
necessarily true for primitive cultures. Dement points 
out that pygmy camps always have someone awake at night.
The figure of 85% mentioned by Dement (1962) for the 
number of REM periods terminated by waking does not mean 
very much unless some data for NREEI periods is available.
If there are lots of wakings in NREM sleep then the 
contribution of Dement ' s 85% to the total number of 
wakings might be small. No studies are available which 
report on wakings in REM and NEŒM sleep ; however some 
interesting data on walkings throughout the night were 
published by Johnson (1951). He found wave-like variations 
in the frequency with which sleepers stirred. The waves 
were of 85-90 minutes duration but were only present in 
some of the Ss. The similarity between the REM sleep 
cycle of approximately 90 minutes and Johnson’s motility 
cycle of 85-90 minutes suggests that the two cycles may 
be related.
One of the major problems in studying wakings is the 
criterion of waking. Dement’s finding that 85% of REM 
periods end with an arousal would lead us to expect about 
four arousals from REM sleep during an average night's sleep, 
Tills figure differs considerably from that of Rechtschaffen 
and Verdone (1964) who found a mean number of 1.1 wakings
occurred for each of 20 Ss per night. This figure of 1.1 
is the mean number of wakings in the whole of the sleep 
period, both REM and NREM sleep; the criterion for waking 
was based on EEG data, as was Dement's. This large 
discrepancy can be explained by the method of scoring 
wakefulness in the EEG of sleep. Usually the accepted 
unit of analysis is 1 minute and therefore brief wakings 
lasting up to 30 seconds may be scored as sleep. Sentinel 
wakings as described by Snyder need not require much time 
for their execution, and a criterion of 1 minute would 
fail to detect many such wakings.
A suitable criterion for registering brief sentinel 
wakings was developed by Kleitman et al. (1935). Rather 
than using time or 'quantity' as the criterion, the 
'quality' of arousal in terms of the Ss ability to orient 
and recall instructions was used. Their Ss were asked to 
press a key whenever they were sufficiently awake to recall 
the instruction. They found that many wakings were for­
gotten by morning. One S pressed the key 101 times in 20 
nights, an average of about 3 wakings per night, but only 
16 of the wakings occurred in the first half of the night. 
There was a positive correlation between the frequency of 
awakening, and both the incidence of body movements, and 
a lightening of sleep. Kleitman attributed the light sleep 
and frequent wakings in the latter half of the night to 
afferent impulses from an empty stomach, distended bladder, 
daylight etc. If it could be shown that these signalled 
arousals occurred in REM sleep, the distribution of REM
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sleep during the night would more parsimoniously explain 
the pre-dominance of wakings in the second half of the 
night and would provide strong support for Snyder’s theory.
The method of detecting arousal used by Kleitman 
seemed to be an appropriate one for the study of sentinel 
wakings of brief duration or longer. The method was tried 
successfully in a pilot study reported in chapter 3 and was 
therefore adopted in tliis experiment to test the following 
hypothesis.
HYPOTHESIS 1 : Signalled arousals occur predominantly in
REM sleep and usually at the end of REM 
periods.
There is some evidence from studies of the Eirst Night 
effect (Et'Œ) in man, for a, relationship between the quantity 
of REM sleep and both time spent awake and the number of
wakings in the night. The first night of sleep in the
laboratory is characterised by a pattern somewhat different 
from following nights. Agnew et al. (1966) first drew 
attention to the ENE in a study of the normal sleep of 
43 8s over a period of 4 nights. They found that on the
first night, more time was spent awake and less time was
spent in REM sleep compared with succeeding.nights ; also 
REM sleep onset was delayed until later in the night and 
sleep was more likely to change from one stage to another. 
This pattern of sleep on the first night was designated 
the ENE and other investigators have confirmed its existence.
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Hartman (1968) demonstrated the M E  for non-consecutive 
nights (1 night per week for 10 weeks in 10 8 s); also 
Scharf et al. (1969) have shown that the M E  occurs 
repeatedly on the first night of each of several sets 
of non-consecutive nights studied. Rechtschaffen and 
Verdone (1964) investigated the M E  more thoroughly; 
they found that the reduction in REM sleep time on the 
first night was accompanied by an increase in the number 
of spontaneous wakings compared with successive nights 
(20 Ss for 4 nights) and this relationship was statistically 
significant (p < .01). The authors explained this relation­
ship by suggesting that wakefulness is usually followed by 
NREM sleep and as some time must elapse before the next 
REM period occurs, an increase in the number of spontaneous 
wakings would reduce REM sleep time for the night. In fact 
Verdone (1968) and Dement (1965) have shown that REM sleep 
can follow almost immediately after a waking period. This 
suggests that there may not be a direct causal relationship 
between the increased number of wakings and reduction in 
REM sleep time. An alternative explanation could be that 
both increased number of awakenings and reduced REM sleep 
are part of a vigilant response pattern to a threatening 
environment. Rechtschaffen and Verdone (1964) also tested 
the correlation between the M E  reduction in REM sleep time 
with the difference in time spent awake between nights 1, 
and 2/3/4. The result was not significant but was in the 
expected direction (r = +0.34, 0-1 < p < .15)- The time 
spent awake could have a variety of causes and it would
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perhaps he a more appropriate test of Snyder’s theory to 
relate the amount of time spent awake in REM sleep with 
the ENE reduction of REM sleep time.
Most investigators consider the stress and anxiety 
associated with sleeping in a laboratory as a cause of 
the ERE. Some other experiments on the effect of stress 
on sleep give some support to this idea. Baekeland et al. 
(1968) using 12 Ss compared the effect of a psychologically 
stressful film with a non-stressful film on the following 
night’s sleep. They found that more wakings (indicated by 
the presence of EEG alpha rhythm) occurred from REM sleep 
after the stressful film but wakings in I-IREM sleep did not 
increase; also a greater percentage of REM periods were 
terminated with a spontaneous arousal after the stressful 
film. The amount of REM sleep following the stressful 
film was reduced, but not significantly. The authors 
concluded that the stressful film produced a specific REM 
sleep disturbance via anxiety. The disturbance took the 
form of increased vigilance, similar to the ENE, except 
for the insignificant reduction of REM sleep.
Most humans spend very little time awake during a 
normal night’s sleep- Williams et al. (1964) found a mean 
of 0.86% of the night’s sleep period was spent awake in 16 
Ss over 3 nights (following 1 adaptation night). Other 
studies have shown large variations in the type of sleep 
obtained from different Ss. Monroe (1967) carried out a 
study of the psychological and physiological differences 
between good and poor sleepers distinguished on the basis 
of a questionnaire. He found that less REM sleep, more
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time spent awake, more wakings, and longer sleep latency 
were present in Ss who scored high on some psycho- 
pathological personality scales which were indirectly 
indicative of stress. These poor sleep Ss seemed less 
well adjusted, and expressed more anxiety about the 
dangers of the experiment than the good sleepers. The 
good sleep group spent a mean of 0.81% of the sleep 
period awake (N = 16); the poor sleep group however spent 
a mean of 2.12% of their sleep period awake (N = 16).
In a study of personality characteristics of nightmare 
sufferers, Hersen (1971) found that frequent nightmare 
sufferers were characterized by greater manifest anxiety 
and significantly more sleep disturbances than non-sufferers 
among a group of psychiatric patients. Zimmerman (1970) 
has shown that light sleepers have more wakings, sleep 
stage changes, and body movements in sleep than deep 
sleepers; they also showed more anxiety and conflict on 
personality tests.
Snyder's formulation suggests that REM sleep is reduced 
when the animal is threatened or made anxious, and more and 
longer sentinel wakings are the result. Tliis implies that 
the amount of time spent awake is inversely related to the 
amount of REM sleep. Here the main problem is that less 
(rather than more) REM precedes each waking when an optimal 
arousal is required to face danger. If REM provides the 
pre-arousal activation, and the danger shortens REM, the 
animal may wake in a dazed confusion. Snyder considers 
that it is a question of choosing between being asleep
(in REM) or being awalce, and whichever state predominates 
is reflected by the degree of danger. Clearly it under­
mines his arguments that REM is necessary to provide pre­
arousal activation if REM is considerably reduced when 
most needed. It is possible to reconcile this anomaly 
by assuming that stress raises a background level of 
arousal. This means that less REM sleep is necessary to 
produce the full activation which is followed by a 
vigilance waking. Hopefully, the following three 
hypotheses will elucidate the relationship between time 
spent awake and REM sleep time.
HYPOTHESIS 2: Total time spent awake each night will be 
negatively related to the amount of REM 
sleep on that night.
HYPOTHESIS 3: Total time spent awake in and adjacent to 
REM periods each night will be negatively 
related to the amount of REM sleep on that 
night.
HYPOTHESIS 4 : REM periods containing one or more signalled 
arousals will be shorter than REM periods 
without signalled arousals.
H^otheses 5 and 6 concern the effect of different 
types of stress on vigilant behaviour in sleep, measured 
by the number of signalled arousals.
HYPOTHESIS 3: 8s scoring high on an anxiety questionnaire 
will have more signalled arousals than Ss 
having low scores.
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HYPOTHESIS 6: The number of signalled arousals on the 
first night in the laboratory will be 
higher than on successive nights.
It is likely that other sleep parameters besides the 
number of signalled arousals are affected by stress and 
the M E  could be explained this way. The M'TE will be 
examined in liypothesis 7 to determine whether it is an 
adaptive pattern of sleep characterized by increased 
vigilance.
HYPOTHESIS 7 : On the first night in the laboratory there
will be a specific adaptive pattern of sleep 
characterized by increased time spent awake 
and stage 1, and decreased amounts of SV/S 
and REM sleep.
We would expect the pattern of response to different 
types of stress to be different according to the stress.
It would only be reasonable to expect a vigilance response 
if the type of stress were such that vigilance might be 
useful. The variable of comfort was chosen as a factor 
producing stress but not requiring signalled arousals. 
Suckling et al. (1957) have shown that sleeping on a hard 
bed reduced depth of sleep, increased movements and altered 
the subjective estimates of sleep quality. The differences 
between these variables for the hard, medium and soft beds 
were however quite small. The following hypothesis was 
designed to evaluate the effect of sleeping on a hard bed, 
and to enable comparison of the resulting differences in 
sleep with those produced in the EHE.
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HYPOTHESIS 8: Sleeping on a Hard bed will cause a
disturbed sleep pattern. It will take the 
form of increased numbers of Unsignalled 
arousals and increased amounts of gross 
body movement. The pattern of sleep stages 
will resemble the first night effect.
Method
The sleep of the 9 Ss was monitored in the experimental 
room adjoining the bedroom. All of the Ss slept in the 
laboratory for five consecutive nights and all Ss except 
the first one slept in pairs. Data from 9 Ss were obtained. 
The last 2 Ss were run by another member of the sleep lab 
staff as part of a study on stage EEPI onset periodicity in 
which E participated. In order that the results of these 
two Ss could be added to the preceding 7? they were run on 
exactly the same design with the same instructions as the 
seven others.
Measurements Made
Continuous EEG, EOG, and EMG recordings were made by 
the method described in chapter 3- EMG was measured with 
a relatively low gain of 100 micro-volts per cm. so that 
the amplitude of EMG was easily measurable during GBM 
activity. A time marker device was used to divide the 
polygraph output into one minute epochs for scoring purposes.
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Personality and anxiety questionnaires were given to 
all Ss on the first night; also on every night a 
questionnaire concerning the previous night's sleep and 
the expected coming night's sleep was given, to check on 
peculiarities of the S which might affect the experiment.
Treatments and Awakening Criteria
A signalled arousal (SA) criterion was tentatively 
used as signifying the presence of a sentinel awakening.
The SA response required that the Ss press a small switch 
taped to their wrist on each occasion that they woke during 
the night. The response caused a signal to occur on the 
polygraph output and in this way the time of the response, 
the sleep stage in which it occurred and other accompanying 
signs of arousal were measurable. An EEG criterion for 
arousal was used to designate those arousals that were not 
accompanied by a signal from the S. A period in which 
elevated jaw muscle tonus was present for a total of more 
than 5 seconds at a level of more than 100 micro-volts, or 
a period in which alpha rliythm was present for more than 
5 seconds was designated an unsignalled arousal (UA).
In order to test hypothesis 8, each S slept on a hard 
bed on either night 4 or night 5» This treatment was 
alternated for successive Ss between nights 4 or 5- Due 
to possible interference with sleep due to the hard bed 
treatment, all hypotheses except 6 and 8 were tested from 
data collected on nights 1, 2 and 3 only.
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Sub ejects
line Ss ■were used; all were associated in some "way 
with Bedford College. They were all paid £3 on completion 
of their 5 nights, and the first people to volunteer to 
do the experiment were used as Ss. llo other selection 
procedure was involved- Table 1 represents some 
characteristics of the chosen Ss and the order in which 
they did the experiment, Four pairs and one single subject 
were run and only the second pair (who were married) were 
acquainted before the experiment. The Ss were not aware 
of the aims of the experiment-
Table 1- Details of Ss used in experiment 1.
Sleep Session Subject 
B'umb e r Eumb e r
Age Occupation Marital
Status
Se3
1 1 32 lecturer M M
2 2 21 computer
operator
S F
2 3 24 student S F
3 4 30 student M F
3 5 34 lecturer M H
4 6 20 student S F
4 7 23 secretary S F
5 8 19 student s M
5 9 19 student s M
Apparatus
Both polygraphs were in use when two Ss were being run 
so that eight recording channels were available for each S- 
On one of the channels the SA responses were recorded- The 
wire to the SA micro-switch was taped to the wrist of the
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dominant hand so that it was easy for S to find the switch.
The switch itself was a Eadiospares miniatnrb micro-switch 
(manufacturers number 3/69). To press the switch the 
force required was quite high, (227 gms.) and the button 
to be pressed was small. This meant that accidental 
pressing of the switch during the night was unlikely.
The switch was connected to an oscillator running at 
10Hz and 5 milli-volts output and pressing the switch 
caused this output to be fed to the polygraph.
The hard bed which was used on night 4 or 5 was 
constructed by placing a board on the mattress, the only 
padding being one thickness of a sleeping bag, and a pillow.
A masking tone of 700Hz sine wave was continuously played 
in the bedroom in order to mask noises from outside, also 
to provide an auditory reminder of the Ss' surroundings.
The level of the tone was 3hB(A) above the ambient noise 
level of the room, with the extraction fan off. The fan 
provided an additional constant white noise source but its 
main function was to provide ventilation. Any sounds made 
by the Ss were monitored by two microphones in the bedroom, 
one above each bed. The microphones fed a two channel 
amplifier and loudspeakers in the experimental room.
Three questionnaires were used: (1) the IPAT Self 
Analysis form, as a measure of anxiety, (2) the 16 Personality 
Factor Questionnaire, and (3) a sleep laboratory questionnaire 
concerning the expected night's sleep (completed in the 
evening) and the previous night's sleep (completed in the 
morning). Only the third questionnaire was given after 
night 1.
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Procedure
Ss were asked to arrive about 1 hour before their 
normal bedtime and to refrain from consuming alcohol, 
food or tobacco in the three hours preceding sleep.
Any questions about the experiment were answered in a 
general way, without giving information on its true 
purpose. The Ss were satisfied with the explanation 
that the experiment was to study the undisturbed sleep 
of healthy normal adults.
On the first night the following instructions were 
given; "The switch will remain taped to your hand all 
night and I want you to press it for a few seconds on 
each occasion that you wake up. Press the switch as soon 
as possible after waking, and please try to press it every 
time you wake up. If you are not sure whether you pressed 
it, give another press to make sure". On all the following 
nights, the instructions were as follows: "Don't forget
to press the switch every time you wake up and if you are 
not sure whether you have pressed it, give another press 
to make sure". Ss were asked to try to sleep until woken 
by E and if they woke up during the night, it was suggested 
that by remaining quiet and relaxed, they would go back to 
sleep.
Results and Discussion
The only missing data resulted from non-function of 
the signalling switch for S 4 on night 3. The sleep records 
were scored by two judges (one of them being E). The 
scoring criteria were based on the Rechtschaffen and Kales 
(1968) manual. The agreement between the two judges was 
very good and the discrepant scoring between the judges 
rarely amounted to more than 3 minutes per night. The 
periods for which the judges did not agree were re-examined 
and discussed, after which a joint decision was reached. 
Stages Waking, REM, 1, 2, 3 and 4 were scored from the 
polygraph output in epochs of 1 minute i.e. for each 
successive minute the sleep stage that occupied a majority 
of the minute was the stage adopted for that minute. A 
summary of the data appears in Appendix la.
The two criteria of wakings were:
Signalled Arousals. SAs were indicated by a signal resulting 
from the 8 pressing his switch. These were voluntary 
responses to the subjective sensation of being aw alee.
Unsignalled Arousals. The criterion was the absence of a 
signal switch response from the S and the presence of more 
than 3 seconds of GBM of at least 100 micro-volts amplitude 
and/or more than 3 seconds of continuous alpha rhythm. The 
GBM was indicated by the muscle tonus channel and if the 
muscle tone was elevated for a period, all sections of the 
period greater than 100 micro-volts were added to obtain 
the total GBM time. The amount of GBM and/or alpha riiythm
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associated with each UA was noted as well as the time it 
occurred to the nearest minute. UAs were therefore 
involuntary measures of awakings and were not dependant 
on any overt response of the S.
The two definitions were derived in this way: all 
signs of sleep disturbance were considered to be possible 
arousals; those accompanied by a signal from the S were 
initially designated SAs, and those not accompanied by a 
signal were designated UAs. The problem with this approach 
was that it was unrealistic to consider the most minor signs 
of sleep disturbance (of which there were very many) as 
arousals. It was for this reason that the criterion of at 
least 5 seconds of either GBM or alpha rhythm was introduced 
for UAs. This does however introduce a problem in that some 
of the SAs failed this criterion. Tliis in itself is 
interesting but its effect on the results must be considered, 
The percentage of SAs that satisfied successively stringent 
UA criteria are shown in Table 2, together with the number 
of SAs that failed to meet these criteria.
Table 2. Percentage of SAs that fit, and the number that 
fail the UA criteria of GBM and/or alpha rhythm.
UA Criteria Percentage of Number of
in seconds SAs that fit SAs that fail
(GBM or Alpha)
1+ 97% 4
3+ 92^ 10
10+ 83/ 22
13+ 42
20+ 63/ 45
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A criterion for UAs of 5 seconds does seem to be ideal 
as it includes most (92/) of the SAs; reducing the UA 
criterion to 1 second of GBM and/or alpha rhythm would only 
include 3/ more SAs. If we reduced the UA criterion to 1 
second however, we would include many more short events 
into the category of arousals which should not belong there ; 
for example, a muscle twitch is not an arousal in the 
sense of a vigilant awakening.
If we retain the 3 second criterion for UAs we must 
find some explanation for the 10 SAs that fail this criterion 
and particularly the 4 SAs that have less than 1 second of 
scorable GBM or alpha rhythm. These anomalous SAs occur 
mostly as a result of the decision to score GBM only if it 
exceeded 100 micro-volts. There was in fact considerable 
body movement activity (BMA) of less than 100 micro-volts 
during these SAs, and all of the 4 SAs with no scorable GBM 
or alpha rhythm were accompanied by some BMA that did not 
reach 100 micro-volt level. None of the SAs were rejected 
as artifacts because all were accompanied by some signs of 
sleep disturbance.
A possible source of bias in the results may have 
resulted from the fact that Ss waking from NREM sleep, 
particularly stage 2, are often uncertain whether they 
have been asleep. The instructions concerning the SA 
response were designed to minimize this possible source 
of error by encouraging the Ss to make the SA response 
however uncertain they were about having been asleep 
previously.
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One could also argue that if an 8 cannot tell the 
difference between being in stage 2 sleep (a nonalert 
state) and being awake, he is not very alert. In fact, 
a large number of SAs occurred from stage 2 sleep and 
tills indicates that the criterion was not insensitive 
to wakings from sleep stages other than iffil-I.
HYPOTHESIS 1 : Signalled arousals occur predominantly
in REM sleep and usually at the end of 
RED! periods.
To test this hypothesis it was necessary to examine 
closely the two available criteria for waking (SA and UA) 
in 9 Ss for nights 1-p. Most of the SAs (92%) satisfied 
the criterion for UAs. This meant that SAs could generally 
be considered as UAs plus a signal from the S; this would 
support the idea that SAs and UAs are basically similar 
phenomena but the SAs were accompanied by a higher degree 
of alertness and orientation.
The amount of alpha rhythm associated with each type 
of arousal (Sas and UAs) was plotted in Figure 1. A 
Kolmogorov Smirnov two sample test (Siegel, 1936) showed 
that these two distributions of SAs and UAs were significantly 
different (P < 0.001, two tailed). The distributions differed 
in the following way: 58/ of UAs occurred without alpha rhythm 
but only 8/ of SAs were without alpha rhytiim (Appendix 1b). 
Clearly SAs were more frequently associated with large amounts 
of alpha rliythm and much less frequently associated with no 
alpha rhythm than UAs. In the central part of Figure 1 however.
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the amounts of alpha rhythm do not distinguish SAs from UAs. 
This indicates that measures of exact amounts of alpha 
rhythm are inadequate criteria for awakenings accompanied 
by a high degree of arousal.
Figure 2 shows the amount of GBM time associated with 
each type of arousal. This distribution of GBM time does 
not appear to distinguish sharply between SAs and UAs.
The peak for UAs is somewhat narrower, and fewer UAs have 
no associated GBM. A Kolmogorov Smirnov two sample test 
was used to test the hypothesis that the distributions of 
GBM between the two types of arousals differed. l?o 
significant difference in GBM time distribution between 
SAs and UAs was found.
This evidence of greater amounts of alpha rhythm with 
SAs is strong support for the notion that SAs represent a 
higher degree of alertness than UAs, as long periods of 
alpha rhythm are usually associated with wakefulness.
We would not expect the amount of body movement associated 
with the two types of arousal to be directly related to 
alertness, and indeed the distributions of GBM time for 
the two types of arousal do not differ significantly. As 
a result of this evidence the SAs seemed an appropriate 
measure of sentinel awakenings as described by Snyder (1965) 
UAs were considered to be similar sleep disturbances but 
unaccompanied by a high degree of alertness.
Table 3 shows the distribution of SAs and UAs across 
the sleep stages for 9 5s over 5 nights.
8^1
Table 3- SA and ÏÏA distributions across sleep stages, 
and the ratio of SAS to UAs.
Sleep Stage 
REM 1 2  3 4
No. SAa 31 7 61 7 4
No. UAs 99 36 226 2? 48
SAs/UAs .32 .13 .27 .26 .08
As the awakenings were not independent of each other 
the Friedman two way analysis of variance (Siegel, 1956) 
was used to analyze the ratios of SAs/UAs for each of the 
9 Ss in sleep stages REM, 1, 2, 3 and 4. The results 
showed that SAs and UAs were distributed differently 
across the sleep stages (X^(R) = 10.68, df = 4, p < .03, 
two tailed). The SA/UA ratios in Table 3 indicated tliat 
a major contribution to the result was the high ratio of 
SA/UA in REM sleep.
Table 4 shows the number of SAs and UAs when the lîREM 
sleep stages (1, 2, 3 and 4) are combined.
Table 4. Number of SAs and UAs for REM and NREM and the 
ratio of SAs to UAs.
REM NREM 
No. SAa 31 79
No. UAs 99 557
SAs/bAs .32 .22
The ratios of SAs/UAs in each of 9 Ss in REM and NREM 
sleep were analyzed using the Wilcoxon test^ (Siegel, 1936).
No significant difference between the types of sleep was 
found (N = 9, 1 = 10, NS, one tailed) despite the fact 
that the overall ratios of SAs/UAs were 0-52 in REM and 
0.22 in NREM sleep. The lack of a significant difference 
was attributable to one highly deviant 3 who had a T value 
of 7» The analysis was repeated excluding this S and a 
significant difference was found (N = 8 , T = 3, p < .023, 
one tailed). The presence of a difference in the 
distributions of the two types of arousal across sleep 
stages provides further support for distinguishing SAs from 
UAs as different types of arousal. As SAs have been 
considered to represent vigilance awalcenings, the direction 
of the difference in distributions of SAs and UAs supports 
the notion that SAs occur more often in REM sleep than 
other sleep stages.
Both Tables 3 and 4 show that while many BAs occur in 
REM sleep, an even greater number occur in the rest of sleep. 
It is well known that REM sleep only occupies about 20-23/ 
of the night's sleep. A comparison of both arousal types 
with the amounts of the sleep stages would correct for 
different amounts of sleep and allow the rates of BAs and 
UAs to be determined in the different sleep stages. Table 
3 shows the number of BAs and associated sleep stage amounts.
Exact tables were specially calculated for the Wilcoxon test 
in order to obtain one tailed 5/ probability levels of 
significance.
6Table 3- Number of SAs, amounts of sleep for HEM and 
NREM, and rates of BAs per hour.
HEM NHEM
No. BAs 31
Hours Bleep 38.4 143-3
Rate per Hr. 1.33 0.33
The rates of BAs in REM and NREM sleep were compared 
using the Wilcoxon test which indicated that there was a 
significantly higher rate of BAs in REM sleep compared 
with ÎREM sleep (N = 9, T = 4, p < .023, one tailed).
Table 6 shows the number of UAs and associated sleep stage 
amounts, for a control comparison with Table 3.
Table 6. Number of UAs, amounts of sleep for REM and 
NREM, and rates of UAs per hour.
REM IREM
No. UAa 99 537
Hours Sleep 38-4 143»3
Rate per Hr. 2.38 2.30
The UA rate in REM and IREI-I sleep was examined with 
the Wilcoxon test and no significant difference between 
the two types of sleep was found (N = 9, T = 21, NS, 
one tailed).
These results support the hypothesis that BAs occur 
predominantly in REM sleep and would explain the cyclic 
occurrence of motility found by Johnson (1931)» However, 
it is important to bear in mind that while the rate of BAs 
in REM sleep is more than double the rate in any other sleep
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stage, most BAs occur in NREM sleep, a result we would 
not expect from Snyder's theory. Some explanation for 
the BAs in IREM sleep must he found, and due to the 
clearly sentinel nature of the BA criterion it is most 
likely that some modification of Snyder’s theory is 
required. It would probably be more accurate to say 
that many BAs occur in sleep and these awakenings are 
much more likely to occur in REM sleep than any other 
sleep stage.
Some of the SAs may not have been spontaneous ; they 
might have resulted from stimuli during sleep. It would 
be possible to explain some of the BAs in NREM this way, 
but the same would be true of REM sleep and besides, it 
would not be possible to account for all of the NREM BAs 
this way. It seems a better explanation of the data if 
we use a probabilistic approach rather than Snyder’s 
categorical statement that sentinel awakenings occur in 
REM sleep.
A more detailed breakdown of BAs and UAs, and rates 
per hour for each experimental night, and for each sleep 
stage, is shown in Tables 7 and 8.
Table 7» Number of SAs and rate per hour (figures in 
brackets) for 9 5s over 3 nights .
Night
Sleep Stage
Table 8. Number of UAs and rate per hour (figures in
8 p.
Total
1 2 3 4 EHI
1 2(.4i) 25(-79) 3(.61) 1(.17) 13(1.4) 44-(.• 78)
2 4(.91) 21 (.63) 2(.33) 2(.29) 22(1.5) 55(.•78)
5 K-54 15C-52) 2(.31) 1(.12) 16(1.1) 35(.•59)
Total (meaji) 7(-62) 61 (.65) 7(.42) 4(.19) 51(1-3) 130(.• 72)
Soft Bed 0(0.0) 14(.48) 0(0.0) 0(0.0) 15(-95) 29(.•47)
Hard Bed 4(1.8) 17(-56) 2(0.3) 0(0.0) 21(1.4) 4^!-(.• 70)
Wight
1
Sleep Stage 
2 5 4 EEM
Total
1 23(4.7) 70(2.2) 5(1.0) 11(1.8) 2^(2.2) 130(2-3)
2 17(5-9) 81(2.4) 8(1.3) 19(2.8) 33(2.2) 158(2.4)
3 16(8.5) 75(2.6) 14(2.2) 18(2.2) 45(3-2) 168(2-8)
Total(mean) 55(5-7) 226(2.4) 27(1-5) 48(2.3) 99(2-5) 456(2-5)
Soft Bed 7(3-7) 76(2.6) 7(1-2) 22(2.3) 44(2.8) 156(2-5)
Hard Bed 17(7-5) 99(3-3) 12(1.8) 27(3.5) 56(3-7) 211(3-4)
The small differences between the data presented in Tables 
7, 8 and 10, and those published in Langford et al. (1972) 
were due to slight errors in scoring the data. The correct 
version appears in Tables 7, 8 and 10, but the differences 
do not result in any changes in the trends and significance 
of the results.
A,
In order to determine when the SAs occurred, histograms 
were plotted to show the frequency of occurrence of SAs in, 
and at the end of REM periods (Figure 3). As a control 
measure, the frequency of occurrence of SAs in, and at the 
end of NREM periods (i.e. at the beginning of REM periods) 
was also plotted (Figure 4-). For the purposes of analysis, 
REM sleep segments that were separated by less than 10 
minutes of NREM sleep or wakefulness were considered to 
be the same REM period, and NREM periods were defined as 
those periods of sleep between REM periods (Appendix 1c).
There were 31 SAs in REM sleep and 21 of these (41%) 
terminated REM periods. This percentage is less than 
would be expected on the basis of Snyder’s theory and as 
such does little to support the idea that SAs occur at the 
end of REM periods. One important factor to be considered 
is that segments of REM sleep separated by less than 10 
minutes of NREM sleep were included in the same REM period.
In fact 34 (67%) of the SAs in REM sleep occurred at the 
end of individual segments of REM sleep. This is in close 
agreement with the findings of Toth (1971) and Dement (1962) 
who foimd that many REM periods were terminated by some 
sort of sleep disturbance. The figure of 67% of BAs in REM 
sleep that terminated segments of REM sleep is sufficiently 
large to warrant the statement that most of BAs occurring 
in REM sleep terminate segments of REM sleep. If, as 
Bnyder suggests, the REl sleep provides pre-awakening 
activation, we would expect awalcenings to occur predominantly 
at the end of segments of REM sleep. The present data support 
this idea and at the same time give considerable support to 
a model of sleep based on a NREM-PEM-Waking cycle.
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It is interesting to note that in Figures 5 and 4 
there is an outstanding contrast in the way in which REM 
and I'lREM periods are terminated. No RREI-Î periods end 
with a SA compared with 41% of REM periods which end in 
this way. This striking difference between the transition 
from one type of sleep to the other strongly supports 
the concept of a NREM-REM-Waking cycle.
In all, there were 98 REM periods and only 21.5% 
were terminated by a SA, but 39% contained a SA. The 
mean number of SAs per S, per night, was 4.8. It might 
be expected that SAs for the purpose of vigilance would 
occur regularly throughout sleep. SAs were not very 
frequent during sleep, but there were large individual 
differences (S.D. = 2.3)» This frequency of awakening 
is in close agreement with that found by Kleitman (1933) 
using a similar criterion of awakening. The mean frequency 
of waking and the proportion of REM periods terminated by 
a SA are low but are what we might expect in such a secure 
sleeper as man. The security of the human sleep environment 
may also e^cplain why less than half of the total number of 
REM periods contained a SA. Under conditions of greater 
threat or with more anxious sleepers perhaps many more 
REM periods would contain a SA.
The distribution of SAs and UAs across the night was 
examined for the first 3 nights. Figures for successive 
quarters for the SAs were: 16, 39, 33, and 42; this probably 
reflects the tendency of REM sleep to be absent early in 
the night. The number of UAs for successive quarters for 
the night were: 99, 128, 115 and 114.
These results have given considerable support to 
hypothesis 1. SAs occurred in all sleep stages but the 
rate of occurrence in REM sleep was considerably higher 
than other stages. The characteristics of SAs were 
investigated and they seemed to distinguish a type of 
waking with similar properties to Snyder's proposed 
sentinel awakenings. Of the SAs that occurred in REM 
sleep over two thirds actually terminated segments of 
REM sleep. Many REM periods did not however contain a 
SA and there were on average 4 .8 SAs during a night's 
sleep.
HYPOTHESIS 2: Total time spent awake each night will be 
negatively related to the amount of REM 
sleep on that night.
HYPOTHESIS 3: Total time spent awaiie in and adjacent to 
REM periods each night will be negatively 
related to the amount of REM sleep on that 
night.
The data for 9 Ss on the first 3 nights were used to 
test these hypotheses. The amount of time spent awake in 
minutes during the total sleep period was found (from first 
onset of stage 2 till last awakening): also the amount of 
time in minutes spent awake within and adjacent to REM 
periods was found. REM segments separated by less than 
10 minutes of IIREM sleep were considered to comprise single 
REM periods. The mean amounts of REM sleep and HREM sleep
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(stages 1, 2, 3 and 4) in minutes on each night for each 
S were also found and the results are summarized in Table 
9 (Appendix 1a).
Table 9« Means and standard deviations (in brackets) of 
time spent awake, time awake in REM sleep, 
amount of REM sleep, and the amount of hREM 
sleep, all expressed in minutes.
Night Time Awake Time Awake Amount of Amount of
in REM REM NREM
1 63.8(46.3) 3.1(10.7) 62.3(32.8) 313.3(33-8)
2 31.2(21.3) 11.8(14.8) 98.7(22.3) 338.4(26.9)
3 57.1(78.1) 11.3(17.5) 95.0(58.1) 302.9(73.0)
A total of 234 minutes were spent awake in REM periods 
but 223 minutes of this total were located at the end of 
REM periods. The time spent awake was correlated with both 
the amount of REM sleep and the amount of NREM sleep. 
Kendall S-values were calculated separately for each of 
the 9 8s and then combined using the following formula 
(Jonckheere, 1934).
Z score = ^ ^
/■
m n(n-l)(2n+3) 
18
where SS = the sum of the S-values for each S 
M = Number of Ss
N = Number of pairs of scores from each S
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A significant negative rank correlation was found 
between the amount of time spent awake and the amount of 
REM sleep (S8 = -11, Z = 1.92, p < 0.03, one tailed).
This result seems to provide strong support for hypothesis 
2 but an examination of the control relationship between 
time spent awake and amount of NREM sleep poses an 
interesting problem.
A similar analysis was performed to compare the amount 
of time spent awake with the amount of NREM sleep. This 
comparison yielded a Z score similar to the one above, but 
the result did not quite attain significance (ES = 9,
Z = 1.57, P < 0.12, two tailed).
This latter comparison was performed as a control and
no relationship was expected. These results indicate that
increased time spent awake is associated with reduction of 
sleep generally, rather than any strongly selective reduction 
in the amount of REM sleep. The results are in agreement 
with several studies on the FNE that found reduced REM sleep 
associated with an increased amount of wakefulness (Agnew 
et al., 1966; Hartman, 1968; Scharf et al., 1969). They 
also agree with the small positive correlation that 
Rechtschaffen and Verdone (1964) found between reduction 
of REM time and the amount of extra wakefulness on the first 
night. Rechtschaffen and Verdone (1964) however, did not 
perform a control analysis of the relationship between the 
amount of time spent awake and the amount of NREM sleep.
95
The relationship of REM sleep with the amount of 
wakefulness cannot he taken as support for Snyder's theory 
as the mechanism suggested by Snyder would not lead us to 
expect any relationship between amount of NREM sleep and 
the amount of wakefulness. That such a relationship does 
seem to exist indicates that the increased wakefulness 
found here and in the ENE is probably produced by some 
general sleep disturbance. Tliis could originate in the 
characteristics of the sleep environment such as bed 
hardness, number of blankets, room temperature etc.
Whether or not such factors are able to cause a FNE 
phenomenon will be discussed later in relationship to 
hypothesis 8.
In order to test hypothesis 3 the same analysis was 
performed as in hypothesis 2 above. No significant rank 
correlation was found for the time spent awake in REM sleep 
compared with the amount of REM sleep (SS = -2, Z = 0.33, NS). 
The control correlation between the amount of time spent 
awake in REM sleep and the amount of NREM sleep was also 
non-significant (SS = -2, Z = 0.33, NS).
Snyder suggests that REIH sleep gives way to wakefulness 
when the need for vigilance arises. We would therefore expect 
time spent awake in REM sleep to be most closely correlated 
with the amount of REM sleep. The lack of a negative 
correlation between the time spent awake in REM sleep and 
the amount of REM sleep means that it is not possible to 
support hypothesis 3- It seems that wakefulness occurring 
during REM sleep has no effect on the total amount of REM 
sleep during the night.
9G
The results of tests of hypotheses 2 and 3 are rather 
difficult to interpret hut a factor of general sleep 
disturbance produced by environmental factors could account 
for most of the results. This disturbance would be 
responsible for reducing both EEM and sleep, but the
wakefulness occurring in REM sleep would not reduce the 
amount of REM sleep. This exception would suggest that 
either: (i) REM sleep is unaffected by the wakefulness 
occurring in it, or (ii) REM sleep is reduced by 
wakefulness but lost REM sleep is made up later in the 
night. The first view seems plausible in view of the 
fact that 223 of the total of 254 minutes of wakefulness 
in REM sleep were located at the end of the REM periods.
The results probably indicate that the mechanism that 
initiates and controls REM sleep is independent of factors 
that produce interspersed periods of wakefulness. The 
second possibility (lost REM sleep is made up later in the 
night) cannot yet be ruled out in that so far we have been 
considering total quantities of REM sleep, NREM sleep, and 
wakefulness for the whole night. The inverse relationship 
between wakefulness and REM sleep proposed by Snyder, could 
still be present within individual REM periods. Such a 
relationship would disappear if REM periods, shortened by 
wakefulness, initiated a compensatory increase in the 
amount of REM sleep later in the night.
HYPOTHESIS 4: REM periods containing one or more
signalled arousals will be shorter than 
REDI periods without signalled arousals.
In order to test hypothesis 4, all REM periods and 
NREM periods for all Ss over nights 1-3 were sorted into 
two categories, those which did, and those which did not 
contain SAs. The last REM or NREM period of the night 
was not included due to possible interference from waking; 
also REM segments separated by less than 10 minutes of 
NREM sleep were considered to be one REM period. Periods 
of wakefulness occurring on the junction of two REM periods 
were included in neither period (Appendix 1e).
Figure 5 shows the distribution of REM period lengths 
for both REM periods with SAs and REM periods without SAs.
A Kolmogorov Smirnov two sample test was used to determine 
whether the two populations of REM periods were similarly 
distributed. The test yielded a significant difference in 
the distributions (p < .01, two tailed). The result however 
is the reverse of that predicted by hypothesis 4 , and shows 
that the REM periods containing SAs are more often longer 
than the REM periods without SAs. It does however support 
the results discussed in hypothesis 3? in which REM sleep 
and wakefulness in REM were found to be unrelated. The 
present result is also in the direction we would expect 
from a common sense approach to the problem. It is quite 
reasonable to expect longer REM periods to be more likely 
to contain a SA as the rate of SAs in HEM sleep is high.
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9Figure 6 shows, for control purposes, the distribution 
of hîŒM periods with SAs and without SAs- The Kolmogorov 
Smirnov two sample test failed to detect any differences 
between these two distributions (p > 0.1 , two tailed).
These results could have been due to either a constant 
probability or an increasing probability of a SA occurring 
during REM sleep. In either case the longer the duration 
of a REM period, the greater the probability an awakening 
would have occurred before its termination. To test these 
possibilities the distribution of SAs throughout REM periods 
was calculated, and the probability of occurrence of SAs 
in successive 10 minute sections of REM sleep periods is 
displayed in Figure 7- The mean of the distribution is 
18.2 and the S.D. is 4.7 (Appendix If). The probability 
of occurrence of SAs is fairly constant throughout REM 
periods but there is a slight reduction in rate in the 
first 10 minutes of REM sleep. This difference was not 
significant but it is in the direction we would expect 
from Snyder's theory: if REM provides the pre-awakening 
activation we would expect arousals to occur only after 
a certain minimum amount of REM sleep.
It seems that SAs in REM sleep are not associated with 
shorter REM periods; wakings are more likely to occur if the 
REM period is longer. This suggests that the REM sleep 
mechanism determines when the SA occurs rather than the 
awakening independently terminating REM sleep. Such a view 
of the relationship of SAs to REM sleep argues against REM 
sleep and wakefulness being inversely related or REM sleep 
giving way to wakefulness as Snyder proposed.
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HYPOTHESIS 5: Ss scoring high on an anxiety questionnaire 
will have more signalled arousals than Ss 
having low scores.
The number of SAs per S was compared with the S’s 
score on the IPAT self-analysis form as a measure of 
anxiety (Appendix 1g). The mean number of SAs for the 
first 5 nights was 14.4 per S (S.D. = 7.5) and the mean 
score on the IPAT test was 23.0 (S.D. = 7.6). Kendall's 
tau was calculated but no significant relationship was 
found between anxiety and the nimber of SAs (N = 9,
T = +.03î S = 2, NS, one tailed). It may be that extreme 
degrees of anxiety are required to alter the number of SAs 
and as all of the Ss were drawn from a normal population, 
the range of anxiety may have been too small. It was 
thought however that a comparison of the anxiety score 
with the time each S spent awake might be useful.
The amount of time spent awake within the sleep period 
by each S was compared with the IPAT score using Kendall's 
tau; an almost significant positive relationship was found 
(IT = 9, T = +.46, S = 16, p = .06, one tailed). This 
indicated that the time spent awake was to some degree 
related to the IPAT measure of anxiety.
These results suggest that Ss that score high and low 
on the anxiety questionnaire wake up as often as each other, 
but the li-gher scoring Ss find it harder to get back to 
sleep. The results only partially agree with Monroe (196?) 
who found both increased wakings and increased time spent
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awake in anxious Ss. The difference in the number of 
wakings may have been due to the different criteria for 
arousal in the two studies; many of the vigilance 
awakenings of Monroe's good sleep group may have been 
too brief to satisfy his physiological criteria of 
arousal. This interpretation is supported by the results 
of the present ezcperiment, which have shown that SAs may 
only last a few seconds.
HYPOTHESIS 6 : The number of signalled arousals on the
first night in the laboratory will be 
higher than on successive nights.
Table 7 shows the combined results for all 9 Ss over 
all 5 nights. The first important point is that the number 
of SAs was higher on night 2 (31 SAs) compared with night 
1 (44 SAs). The number was lower on night 3 however, and 
even lower on the soft bed night. The total number of SAs 
on night 1 may have been artificially reduced by a training 
effect, as the Ss had no previous training on making the 
SA response before night 1.
Por vigilance purposes it would seem that the rate of 
arousal is more important than the actual number of arousals 
and some correction for the amount of sleep is desirable.
The total number of SAs for each S on each night was divided 
by the total sleep time on that night, to obtain rates of 
SAs. Making this correction for the amount of sleep produced 
equal rates of arousal on nights 1 and 2 (0 .78 per hour) 
with a drop for night 3 (0 .39 per hour) and an even lower 
rate for the soft bed night (0.47 per hour). The equal rate
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of arousal on nights 1 and 2 may either indicate that 
inadequate training of the SI response reduced the SA 
rate on night 1, or that an increased SA rate is 
characteristic of the first two nights. The rates of 
SAs for the 9 Ss over nights 1, 2, 3 and soft bed were 
analyzed by a Jonckheere's Trend test (Jonckheere, 1954)'.
No significant trend across the nights was found (S = 80,
Z = 1.08, NS, one tailed). The rates of UAs showed little 
variation and no trend across nights (2.3, 2.4 , 2 .8 and 
2.5 UAs for nights 1, 2, 3 and soft bed night).
The reduction in rate of SAs after the second night was
not paralleled by the rates of UAs, which remained fairly
constant over the four nights. The result is only partially
in agreement with studies of the first night effect. 
Rechtschaffen and Verdone (1964) found that wakings 
increased on the first night in the laboratory compared 
with the following three nights. Their criterion for 
waking was different, as evidenced by their means of 1.8 ,
1.0 , 0 .9 and 0 .6 wakings for the first four nights, as 
compared with means of 4.9, 5-7, 3-9 and 3-2 SAs for nights 
1, 2, 3 and soft bed night in the present experiment. They 
used the presence of extensive alpha rhythm or GBM as criteria 
of awakening and the low mean numbers of awakenings suggest 
that they were measuring gross sleep disturbances perhaps 
due to causative factors other than vigilance.
These results have shown that there is no significant 
downward trend in the rate of SAs during four nights in the 
laboratory, although the results are in the expected direction.
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HYPOTHESIS 7 : On the first night in the laboratory there
will be a specific adaptive pattern of sleep 
characterized by increased time spent awake 
and stage 1, and decreased amounts of SWS 
and REM sleep.
The mean amounts of the different sleep stages for all 
9 Ss are shown in Table 10 for all five nights.
Table 10. Mean amounts of sleep (minutes) and standard 
deviations (in brackets) for 9 8s.
Sleep stage
Night Waking 1 2 3 4 SEM TotaJ.
1 65(45) 32(29) 210(39) 33(21) 40(21) 62(35) 577
2 31(21) 29(30) 223(52) 40(22) 45(16) 99(22) 436
3 57(78) 13(10) 193(70) 43(19) 55(19) 95(38) 599
Mean 51 25 210 39 47 85 406
Soft Bed 41(72) 13(14) 195(55) 38(15) 63(23) 106(32) 415
Hard Bed 32(31) 15(10) 202(40) 45(21) 52(18) 102(16) 416
Increased vigilance would be characterized by a greater 
proportion of waking and stage 1 , and by a lesser proportion 
of stages 3, 4 and REM. The means for night 1 showed that 
more stage waking and stage 1 occurred, and less stage 3,
4 and REM. One S was a particularly bad sleeper and this 
explains the large amount of waking on night 3 ; without 
this S's score the waking mean for night 3 is 32 rather 
than 57- The amounts of the different sleep stages on 
night 1 were compared with the mean amounts for nights 2 
and 3, using the Wilcoxon test in all 9 Ss. Results showed
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that waking occupied significantly more time on the first 
night ( T = 5 , N = 9 , P <  .025, one tailed). Stages 5 and 
4 did not occupy significantly less time on night 1, 
although the result was almost significant (T = 9, N = 9,
0.05 < P < 0.1, one tailed), finally, stage REM occupied 
significantly less time on night one (T = 5, IT = 9, 
p < 0.025, one tailed).
These results are in agreement with other studies of 
the ERE (Agnew et al., 1965; Hartman, 1968; Scarf et al., 
1969; Rechtschaffen and Verdone, 1964). The potential 
threat of the experimental situation would lead us to 
expect the Ss to show more vigilant behaviour on the 
first night in the laboratory, and at first sight, the 
pattern of sleep seems to be one of increased vigilant 
behaviour. Snyder suggested that reduction of REM sleep 
in the EHE represented increased vigilance due to its 
hypothetically causal relationship to walcefulness, but 
Snyder (1969) deduced this relationship from his studies 
of the opossum's adaptation to the sleep laboratory.
The results introduced in relation to hypotheses 2, 5 and 
4 have shown that wakefulness in REM is not inversely 
related to the amount of REM, as Snyder thought. This makes 
us wonder whether the other changes in the PIT'E do not reflect 
some general disturbance of sleep unrelated to vigilance- 
The one certain criterion of vigilance is the SA; it is 
interesting to note that the rate of SAs is high on the 
first two nights in the laboratory while the PNE is reported 
to be confined mainly to the first night (Hartman, 1968).
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It may be that many of the effects noted in the PNE are 
simply due to changes in the sleep environment unrelated 
to potential threat. It is hard to test this possibility 
as change in threat is usually associated with changes 
in the physical sleep environment. The next hypothesis 
however, attempted to study one of these factors in 
isolation.
HYPOTHESIS 8 : Sleeping on a hard bed will cause a disturbed 
sleep pattern. It will take the form of 
increased numbers of unsignalled arousals 
and increased amounts of gross body movement y  
The pattern of sleep stages will resemble 
the first night effect.
The expected response to the hard bed was one that 
would be adaptively relevant to the stressor. The UA 
seemed ideal for this role of maintaining comfort by means 
of a postural change unaccompanied by full arousal. This 
conception of the possible function of UAs was supported 
by the finding that only 1% of UAs had no GBM whereas 9% 
of SAs were unaccompanied by GBM during the first three 
nights.
The effect of the hard bed on wakings during sleep was 
studied by comparing the hard bed night with the control 
night on the two types of arousal (SA and UA). The rates 
of arousal were used in the analysis to correct for differing 
amounts of sleep. Table 11 shows the means and standard 
deviations of both types of arousal for both the hard bed 
and soft bed nights.
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Table 11. Mean and S.D. (in brackets) of SAs and UAs
per night on the hard bed and soft bed nights, 
in 9 8s.
Hard Bed Soft Bed
SA 4.9 (2.1) 3.2 (1.8)
UA 23.4 (9.0) 17 .3 (7.2)
A Wilcoxon test was used to measure the effect of the 
hard bed on the SA rate for 9 Ss. The test indicated that 
there was an almost significant increase in SA rate as a 
result of the hard bed (T = 9, U = 9, .03 < p < .1, one 
tailed). The reason for this increased number of SAs on 
the hard bed night may have been due to some generalized 
arousal increase stemming from the stress induced by the 
lack of comfort. A Wilcoxon test was also used to 
measure the effect of the hard bed condition on the UA 
rate for 9 Ss. The test indicated that there was a very 
significant difference between hard and soft bed night, 
in the expected direction (T = 3, N = 9, P < .023, one 
tailed). The fact that UAs showed a greater increase on 
the hard bed night compared with SAs gives some support 
to the notion that UAs may be for the purpose of maintaining 
comfort rather than for vigilance.
In order to test for a differential increase in UAs, 
the ratios of UA/SA on the hard bed and soft bed nights in 
the 9 Ss were compared using a Wilcoxon test. The test did 
not result in a significant difference between the two groups 
(T = 24.5, N = 9, US, one tailed). The increased number of 
SAs on the hard bed night probably prevented a significantly 
higher UA/SA ratio on that night.
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It is interesting to compare the effect of the first 
night stress with the hard bed effect, . In both cases the 
rate of SAs was much higher than on night 3 and on the 
soft bed night; however, the rate of UAs was high in 
response to the hard bed, but was at its lowest level 
during the first night in the laboratory. This differential 
response of UAs to different types of stress strongly 
supports hypothesis 8, and the idea that the main function 
of UAs is for postural adjustment.
The hard bed night was expected to produce more gross 
body movement during the night ; the mean amount of GBM on 
the hard bed night was 388.1 seconds with a S.D. of 167 
seconds and on the control night 220-3 seconds with a S.D. 
of 103.2 seconds (Appendix 1h). The amounts of GBM in 9 
Ss oil hard and soft bed nights were compared with a Wilcoxon 
test. The difference was significant and in the expected 
direction (T = 0, U = 9, P < .01, one tailed). This result 
supports the interpretation that UAs are for postural 
adjustment. This is because body movement originated 
mostly in the UAs as there were about five times more UAs 
than SAs on the hard bed night.
The increased GBM time on the hard bed night may have 
been due primarily to the increased number of UAs and SAs 
on this night? In order to test the hypothesis that each 
individual arousal had more GBM time associated with it 
on the hard bed night, the GBM time was divided by the 
respective number of arousals (UAs plus SAs) on the hard
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bed and control nights for each S. In this way a quantity 
of GBM length per arousal was found for the hard bed and 
control nights and a Wilcoxon test was performed on the 
data. The mean amount of GBM per arousal on the hard bed 
night was 13«7 seconds with a S.D. of 5 ,3 and on the 
control night 12.3 seconds with a S.D. of 10.6 seconds.
The difference between the groups was not significant 
(T = 11, U = 9, US, one tailed). This meant that the 
increase in the number of arousals could completely
account for the increased total GBM time on the hard
bed night. These results agree with the findings of
Suckling et al. (1937) that body movements were more
frequent on the hard bed.
The mean amounts of the different sleep stages on the 
hard bed night are shown in Table 12.
Table 12. Mean amounts of sleep per night (in minutes) 
for 9 8s for each sleep stage for the hard 
bed night and the control night.
Condition Waking 1 2  3 4 REM Total
Hard Bed 32 13 202 43 32 102 416
Soft Bed 41 13 193 58 63 106 413
The differences between hard and soft bed nights were 
tested with a two way analysis of variance for all sleep 
stages but in no case was the difference between beds 
significant. It was noted that large and erratic sleep 
stage quantities resulted from one or two Ss who were 
particularly bad sleepers. One of the Ss actually
n09
contributed 242 minutes of the total 375 minutes spent 
awake by the 9 Ss. This S (number 3) was so deviant that
it was thought worth-while determining the means for the
other 8 Ss on the two bed conditions. These mean amounts 
of the different sleep stages based on 8 Ss are shown in 
Table 13-
Table 13» Mean amounts of sleep per night (in minutes)
for 8 Ss for each sleep stage for the hard bed
and control nights (S3 eliminated).
Condition Waking 1 2 3 4 REM Total
Hard Bed 22 13 208 43 34 103 423
Soft Bed 17 13 212 38 63 116 444
Again none of these sleep stage quantities were 
significantly different for the hard bed and control 
conditions when tested with a two way analysis of variance. 
The amounts of stages Walcing, 1 and 3 were slightly increased 
and stages 4 and REM were less than on the hard bed night. 
Apart from the increased amount of stage 3, the effect 
produced by the hard bed is identical to the PEE. This 
suggests that the sleep pattern observed in the REE is 
caused by several factors besides the need for vigilance 
associated with the new environment. Such factors might 
include bed hardness, room temperature, sound level, anxiety, 
etc. It is reasonable to expect that only a few of these 
factors will be responsible for increased vigilance. At 
this time it is impossible to assess the effect of all the
n o
factors that conspire to produce the RiTE- Until such 
time as these factors have been investigated it would 
be premature to interpret the RITE as a vigilant response 
to a threatening environment. Some aspects of the RNE 
may indeed be related to an increased need for vigilance 
but what these factors are and whether they are caused 
by an increased need for vigilance is not yet clear.
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Chapter Summary
The results of this chapter have provided considerable 
support for several aspects of Snyder's theory; the main 
conclusions are as follows:
(1) The SA criterion of arousal was successful in 
distinguishing an especially alert type of arousal that 
was identified with Snyder’s sentinel awakenings.
(2) The rate of SAs in REM sleep was significantly higher 
than ITREM sleep, while the rate of UAs did not differ 
between the two types of sleep.
(3) Many SAs occurred in EREM sleep, the rates being 
particularly high in stages 1 and 2 , although the rate 
in REM was more than twice as great as any other stage.
(Z|.) 41^ 0 of the SAs in REM occurred at the end of the REM 
period, but 67% of SAs in REM terminated REM segments 
(some REM periods were composed of several segments 
separated by less than 10 minutes of NREM sleep).
(5) An average of 4 .8 SAs occurred per S per night, 
although there were large variations between Ss.
(6) Increased wakefulness, a majority of which occurred 
in NREM sleep, was associated with reduced REM and NREM 
sleep; this suggested that a general sleep disturbance 
was responsible for the relationship rather than a 
specific inverse relationship between REM and wakefulness.
(7) Wakefulness occurring in REM periods usually occurred 
at the end of the REM period. It was not related to either 
the amount of REM sleep or UREM sleep. As a result it was 
not possible to support Snyder's view that REM gives way
to wakefulness, when the need for vigilance arises.
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(8) Sentinel awalienings were more likely to occur in long 
REM periods than short ones; this relationship was produced 
by a fairly constant probability of occurrence of a 
sentinel awakening in any part of the REM period. There 
was however a lower than average probability of occurrence 
of a SA in the first 10 minutes of REM periods but this 
was not significant.
(9) There was no relationship between the Ss* anxiety and 
the number of SAs, although there was some evidence for a 
positive relationsiiip between the Ss ' anxiety with the 
time spent awake during the night.
(10) No significant trend in the rate of SAs across 
nights occurred, although there was a drop on the third 
night and an even bigger drop on the soft bed night.
(11) A RITE was observed and it possessed essentially 
similar characteristics to those found by other 
investigators. Doubts were expressed however concerning 
whether the RLTE resulted from increased vigilant behaviour ; 
it was suggested that other characteristics of the sleep 
environment might contribute to the RtTE-
(12) Sleeping on the hard bed produced a significant 
increase in the number of UAs and an insignificant increase 
in SAs. The increased number of arousals resulted in 
significantly more GBM time on the hard bed night and this 
suggested that the function of these extra arousals might 
be for postural adjustment.
(13) The hard bed condition also produced a small scale RUE 
change in the sleep pattern. This was not significant but 
it might indicate that the RUE sleep pattern may be due in 
part to factors like comfort as well as the need for extra 
vigilance in a threatening environment.
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Spontaneous arousals from sleep 
in human subjects*
G. W. LANGFORD, R. MEDDIS, and A. J. D. PEARSON 
Bedford College, University of London, London NW l 4NS, England
Signaled arousals (SA) and unsignaled arousals (UA) from sleep were studied 
in nine Ss over 5 n i^ t s .  The SA rate was highest in rapid eye movement (REM) 
sleep and lowest in Sleep Stage 4; SAs typically term inated REM periods. This 
pattern was not observed for unsignaled arousals. These results lend support to 
the theory (Snyder, 1966) th a t REM sleep serves a vigilance function. The 
results also call into question purely physiological criteria of arousal from sleep.
Arousals which occur during sleep 
are commonly considered to  be brief 
failures of the mechanisms which 
maintain sleep. These may result from 
internal or external stimuli that occur 
essentially at random during the 
sleeping period. Such stimuli raise the 
level of arousal above the waking 
th resho ld , inducing a brief and 
typically quickly forgotten period of 
wakefulness. We may alternatively 
r e g a r d  t h e s e  a r o u s a l s  as  
preprogrammed interruptions of the 
sleep session. It has been suggested 
(Snyder, 1966) th a t these awakenings 
serve a vigilance function, especially in 
small mammals, where prolonged 
unconsciousness in a possibly hostile 
environment could prove seriously 
disadvantageous.
Many animals whose sleep is studied 
in the laboratory have frequent 
arousals which are linked into their 
sleep rhythm  (Roldan et al, 1963; 
Kripke et al, 1967)—the alternation of 
slow wave sleep (SWS)‘ with rapid eye 
movement sleep (REMS). Typically, 
the sleep cycle begins with a period of 
SWS which is followed by a period of 
REMS. The REMS may then give way 
to  either more SWS or a brief arousal 
which often involves grooming and 
looking around. It could be that the 
REMS period serves to bring the 
cortical arousal level and the general 
physiological tone of the animal up to  
a high enough level to benefit from a 
brief arousal. Of course, not all REMS 
periods are term inated by arousals and 
not all arousals occur during REMS, 
but the pattern  is strong enough to 
suggest th a t the REMS/SWS cycle does 
involve a regular waking episode.
The purpose of this experiment was 
t o  c h e c k  w h e th e r  th e  sam e 
considerations apply to  the sleep of 
human Ss. It is commonly observed by 
sleep researchers that REMS periods 
are often term inated by brief arousals, 
but this has rarely been formally 
r e p o r te d .  I f  S n y d e r’s vigilance 
hypothesis is correct, then we might 
expect the rate o f spontaneous arousal 
to be higher during REMS than SWS.
♦ T h i s  w o r k  w a s  a s s i s t e d  b y  a  g r a n t  f r o m  
t h e  M e d i c a l  R e s e a r c h  C o u n c i l .
If these arousals form part o f the sleep 
cycle, then, by analogy with other 
mammals, we might expect them  to 
term inate REMS rather than to occur 
in the middle o f a REMS period. For 
the purpose of the experiment, we 
have defined arousals in two different 
ways. The first definition is in term s of 
physiologic£il criteria and is based on 
measures o f brain activity and muscle 
tension. The second definition is 
behavioral and concerns the ability of 
the S to  inform the E tha t he is awake.
We thought that many disturbances 
of sleep might be responses to 
d iscom fort, involving changes of 
posture w ithout concom itant arousals. 
Accordingly, on one night Ss were 
d e lib e ra te ly  made uncomfortable. 
Discomfort, it was anticipated, would 
produce physiological signs o f arousal 
w ithout voluntary signaling.
METHOD
Nine Ss (four male and five female), 
drawn from the college student 
population, were invited to  spend 5 
consecu tive nights in the sleep 
laboratory. All Ss were naive in that 
they had never before slept under such 
conditions. All-night continuous EEG, 
EGG, and chin EMG records were 
made and scored following standard 
procedures (Rechtschaffen & Kales, 
1968). Ss retired at their normal 
bedtime and were awakened 8 h later 
if they were not already awake. They 
were subjected to  no interruptions or 
medication.
Each S slept with a small switch 
taped to  his dom inant hand and was
invited to depress the switch for a few 
seconds whenever he was aware of 
being awake as soon as possible after 
waking. Depressions of the switch are 
referred to as signaled arousals (SA). 
T h e  s w i t c h  was  an a d a p t e d  
Radiospares miniature microswitch. 
The lever had been removed, leaving a 
sm a l l  b u tto n  which required a 
s w i t c h i n g  force of 227 g. The 
com bination o f the smallness o f the 
bu tton  and the high switching force 
rendered accidental signals unlikely. 
Unsignaled arousals (UA) were judged 
to have occurred whenever the record 
manifested either 5 sec of continuous 
alpha rhythm  or 5 sec of substantial 
muscle activity.
On one night—either the fourth or 
the fifth—the S slept on a board which 
was placed between him and the 
mattress. Four Ss experienced this 
“ hard bed” condition on Night 4, the 
remainder on Night 5.
RESULTS
Table 1 summarizes the distribution 
of sleep stages across the 5 nights of 
th e  e x p e r i m e n t .  Thi s  pa ttern  
corresponds well with o ther reports of 
the composition of sleep in adults 
(Williams, Agnew, & Webb, 1964). 
Table 2 shows the to tal frequency of 
responding for all nine Ss in the 
various sleep stages. Arousals were 
signaled an average o f five times per 
night in each S. Unsignaled arousals 
(Table 3) occurred about 18 times per 
night.
Unsignaled arousals were just as 
frequent at the beginning o f the night 
as at the end. The total figures for 
successive quarters o f the night were 
181, 215, 204, and 199 (%' = 3.0, 
df = 3, p > .05). Signaled arousals 
gradually increased in frequency as the 
night progressed; 19, 53, 57, and 75 
(%' = 32.2, df = 3, p < .001). Clearly, 
the pattern over tim e o f arousals 
differs according to  the criterion used.
The distribution of the two types of 
arousal across the different sleep stages 
is also clearly different (x* = 40.4, 
df = 4, p < .001). The UA rate remains 
fairly constant across the sleep stages 
though, no t surprisingly, the highest 
rate is in Stage 1. The difference
A v e r a g e  T i m e
T a b l e  1  
( M i n u t e s )  S p e n t i n  E a c h  S l e e p  S t a g e
N i g h t
T i m e
A w a k e
T i m e  S p e n t  i n  E a c h  S l e e p  S t a g e
R E M
T o t a l
T i m e
A s l e e p
1 6 6 3 2 2 1 0 6 5 4 0 6 2 4 0 9
2 3 1 2 9 2 2 0 4 0 4 5 9 8 4 3 2
3 5 7 1 2 1 9 0 4 2 5 5 9 5 3 9 4
H a r d  B e d  
( 4  o r  5 )
3 2 1 5 1 9 7 4 5 5 2 1 0 2 4 1 1
C o n t r o l  
( 4  o r  5 )
4 2 1 2 2 0 0 3 8 6 3 1 0 5 4 1 8
M e a n s 4 6 2 0 2 0 4 4 6 5 1 9 3 4 1 4
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T a b l e  2
T o t a l  N u m b e r  o f  Signaled  A r o u s a l s  f o r  N i n e  S s *
S l e e p  S t a g e
N i g h t 1 2 3 4 R E . M T o t a l s
1 1 ( 0 . 2 ) 2 3 ( 0 . 7 ) 3 ( 0 . 6 ) 1 ( 0 . 2 ) 1 6 ( 1 . 7 ) 4 4 ( . 7 )
2 4 ( 0 . 9 ) 2 2 ( 0 . 7 ) 2 ( 0 . 3 ) 2 ( 0 . 3 ) 2 3 ( 1 . 6 ) 5 3 ( . 8 )
3 0 ( 0 . 0 ) 1 4 ( 0 . 5 ) 2 ( 0 . 3 ) 2 ( 0 . 2 ) 1 7 ( 1 . 2 ) 3 5 ( . 6 )
H a r d  B e d  
( 4  o r  5 )
4 ( 1 . 8 ) 1 7 ( 0 . 6 ) 2 ( 0 . 3 ) 0 ( 0 . 0 ) 2 1 ( 1 . 4 ) 4 4 ( . 7 )
C o n t r o l  
( 4  o r  5 )
0 ( 0 . 0 ) 1 4 ( 0 . 5 ) 0 ( 0 . 0 ) 0 ( 0 . 0 ) 1 5 ( 1 . 0 ) 2 9 ( . 5 )
T o t a l s 9 ( 0 . 6 ) 9 0 ( 0 . 6 ) 9 ( 0 . 3 ) 5 ( 0 . 1 ) 9 2 ( 1 . 3 ) 2 0 5 ( . 7 )
*Figures in brackets indicate rates o f  res p o n d i n g  (signals p e r  hour).
T a b l e  3
T o t a l  N u m b e r  o f  L'nsignaled  A r o u s a l s  f o r  N i n e  S s *
S l e e p  S t a g e
N i g h t 1 2 3 4 R E M T o t a l s
1 2 3 ( 4 . 7 ) 6 6 ( 2 . 1 ) 7 ( 1 . 4 ) 9 ( 1 . 5 ) 2 1 ( 2 . 2 ) 1 2 6 ( 2 . 1 )
2 1 7 ( 3 . 9 ) 7 4 ( 2 . 2 ) 8 ( 1 . 3 ) 1 6 ( 2 . 4 ) 3 5 ( 2 . 4 ) 1 5 0 ( 2 . 3 )
3 1 3 ( 7 . 0 ) 7 3 ( 2 . 5 ) 1 3 ( 2 . 0 ) 1 7 ( 2 . 1 ) 4 8 ( 3 . 4 ) 1 6 4 ( 2 . 8 )
H a r d  B e d  
( 4  o r  5 )
9 ( 4 . 0 ) 9 1 ( 3 . 1 ) 1 1 ( 1 . 6 ) 2 6 ( 3 . 3 ) 5 2 ( 3 . 4 ) 1 8 9 ( 3 . 1 )
C o n t r o l  
( 4  o r  5 )
7 ( 3 . 9 ) 7 3 ( 2 . 4 ) 8 ( 1 . 4 ) 2 3 ( 2 . 4 ) 4 5 ( 2 . 9 ) 1 5 6 ( 2 . 5 )
T o t a l s 6 9 ( 4 . 5 ) 3 7 7 ( 2 . 5 ) 4 7 ( 1 . 6 ) 9 1 ( 2 . 4 ) 2 0 1 ( 2 . 9 ) 7 8 5 ( 2 . 5 )
*Flgures in brackets indicate rates (arousals p e r  hour).
between the two patterns remains 
significant even if Stage 1 scores are 
ignored (%' = 15.5, df = 3, p < .01).
Signaled arousals have a much 
higher rate of occurrence in Stage 
REMS than in any other sleep stage. In 
addition, the rate o f signaled arousals 
during SWS is very much a function of 
the sleep stage. Stages 1 and 2 have the 
highest SA rate, while Stage 4 has the 
lowest. This is very much in keeping 
with currently held views concerning 
the different “ depths” of SW sleep 
stages.
The discrimination between rate of 
arousal in REMS and SWS holds for 
s ignaled a rousa l s  but no t for 
unsignaled arousals. The SA rate for 
REMS (1.3/h) is more than twice as 
high as that for SWS (0.5/h). The UA 
rate is more similar for REMS (2.9/h) 
and SWS (2.3/h). It should be noted at 
this point that five of the signaled 
arousals, while manifesting some signs 
of arousal, would have failed to meet 
the physiological criterion for an 
unsignaled arousal.
The distribution of signaled arousals 
during REMS periods was very much 
as predicted. More than 50% of the 
signaled arousals that occurred in 
REMS term inated the REMS period 
and were followed by SWS. Only 13% 
of uhe signaled arousals in SWS 
occurred during the last 5 min before a 
REMS period.
A first night effect was in evidence 
(Agnew, Webb, & Williams, 1966). Ss 
spent more time awake and less time
in REMS on the first than on
sub se qu en t  nights. The rate of
unsign^ed arousals was depressed
on the first night, however, and this 
may possibly be attributed to the 
reduced time asleep. The hard bed 
condition produced an elevation of
both signaled and unsignaled arousals 
over the control night, but these 
differences were not significant using a 
Subjects by Treatments analysis of 
variance.
DISCUSSION 
The pattern of arousals predicted by 
Snyder’s vigilance hypothesis was 
found for signaled but not unsignaled 
arousals. It is possible that the 
criterion for unsignaled arousals was 
too weak and included too many 
partial arousals. The fact that five 
signaled arousals did not meet this 
weak criterion argues against this 
e x p l a n a t i o n .  S i m i l a r l y ,  if the 
unsignaled arousal criterion had been 
strengthened by including only events 
showing 10 sec o f continuous alpha 
r h y t h m  or  s u b s t a n t i a l  b o d y  
movement, then a much larger num ber 
of signaled arousals would have failed 
th e  te s t .  It seems likely that 
EEG/EMG criteria do not successfully 
discriminate between disturbances of 
s le ep  that are accompanied by 
awareness and those that are not. 
Some displays of consciousness (SA) 
did no t meet the purely physiological 
criteria and, moreover, many events 
which satisfied the EEG/EMG criteria 
produced no signal. The discussion
that follows will focus on signaled 
a ro u sa l s  w h i c h  offer a better 
indication that the S was awake and 
conscious of his environment.
The evidence presented supports the 
idea that the SWS/REMS cycle in man 
m ay be better described as a 
SWS/REMS/WAKE cycle. Our results 
show that the likelihood of a brief 
arousal from REMS is more than twice 
as great as that of an arousal from any 
stage of SWS. Furtherm ore, arousal 
from REMS is highly likely to 
term inate the REM period. The cycle 
is analogous to that found in 
laboratory studies of mammals.
Of course, no t all arousals from 
sleep are to be explained by this 
mechanism; more than 75% of all 
signaled arousals occur at times other 
than the term ination of REMS. 
Additional explanations are required 
for these. Nor m ust we imagine tha t all 
REMS periods are term inated by 
signaled arousals. In our experiment 
only 25% of REMS periods followed 
this pattern. The evidence merely 
supports the idea tha t the mechanisms 
are present in man as in mammals, 
even though they are imperfect in 
operation.
Snyder’s suggestion that REMS has 
a vigilance function is supported by 
these results. It is rewarding to  view 
sleep in terms of one long spell of SWS 
which is interrupted by REMS at 
regular intervals. The purpose of the 
REM S p e r i o d  is to  raise the 
physiological arousal of the animal in 
such a way as to  prepare it for a brief 
awakening. When the awakening does 
occur, the animal is already alert and 
all physiological functions are ready 
for investigation and fight or flight. 
Once the awakening has occurred, the 
duty of the REMS has been discharged 
and, on returning to sleep, the animal 
returns to  SWS. It is difficult to  test 
the argument that REMS has evolved 
to serve a vigilance function, but it is 
clear that regular arousals during the 
course of sleep would be o f survival 
value in a hostile environment, 
whether or not this is the only 
function served.
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CHAPTER 3 AROUSAL THRESHOLD IN SLEEP
To investigate Human arousal threshold (AT) in stages 
REM and 2 sleep, with stimuli designed to produce maximal 
efficiency in responding.
Introduction
Numerous experiments have been aimed at measuring AT 
during human sleep. The early studies were conceived as an 
attempt to measure depth of sleep in terms of AT but the 
wealth of conflicting and confusing data that resulted only 
served to•emphasize that an exceedingly complex problem had 
been posed. Before the advent of EEG recording techniques, 
variations in the depth of sleep throughout the night had 
been measured in many ways. Kohlschutter (1862) measured 
the auditory awakening threshold (AAT) at different times 
of night and found a large increase in AAT by the end of 
the first hour's sleep, followed by a drop to a low value 
by the third hour at which it remained for the rest of the 
night. Michelson (1897) derived an AAT curve which was not 
as steeply ascending as that found by Kobischutter and also 
had several undulations, possibly related to the then unknown 
REM cycle. Other investigators found a secondary peak in 
AT two hours before waking (Moenninghoff & Piesbergen, 1883; 
Czerny, 1896; Lambranzi, 1900). A common feature in all 
these sleep depth curves was the deep sleep in the first 
hour or two, and relatively shallow sleep in the hours 
following.
*
Provisionally accepted for publication in Psychophysiology, 
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Recent studies of AT have the advantage of 
sophisticated measuring techniques which allow a far 
more penetrating analysis of the interaction of stimuli 
with the characteristics of sleep. The EEG classification 
of sleep into distinct stages seemed an ideal analog of 
the various depths of sleep determined by AT techniques. 
However, many anomalies have been found to exist, 
particularly with regard to AT in REM sleep. Most studies 
of AT in REM sleep in animals have revealed a high threshold, 
even higher than in slow wave sleep. Studies on humans 
have shown wide variations of AT in REM.
Sleep Stage Differences
Behavioural, EEG, and autonomic nervous system 
responses to tones of increasing intensity were recently 
investigated Keefe et al. (1971). When the Ss were awake, 
responses to tones presented at threshold level occurred 
for EEG, finger pulse amplitude, heart rate, respiration 
period, skin potential response and skin resistance, but 
no responses occurred to tones below the auditory tlireshold. 
However, in sleep there was a differential reaction among 
the various measures of response; EEG and autonomic 
responses occurred to tones at considerably lower levels 
than the behavioural awakening threshold. Auditory 
thresholds were all about 75dB and did not differ 
significantly over sleep stages REM, 2 and 3/4-. In 
awakenings from slow wave sleep (SWS) delayed motor
14
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responding often occurred and the authors likened this 
to the longer reaction times following SV/S demonstrated 
by Goodenough et al. (1965) and Scott (1969).
It is clear that a study of AT requires specification 
of response criterion of awakening. The importance of 
stimulus characteristics was shown by Pisano et al. (1966). 
They tried to measure AT in stages REIi, 2, 3 and 4- but 
found that even intense auditory stimuli were often 
ineffective in causing arousal. Electric shocks were 
therefore used to determine the AT but no significant 
differences between the stages were found. It may be 
that the incentive associated with such noxious stimuli 
is to remain asleep in order to avoid unpleasant sensations, 
This type of behaviour was observed in Oswald's Ss (1939) 
who fell asleep when exposed to repeated electric shocks 
and sounds.
Responding to stimuli and consequently AT, shows 
considerable trial to trial variation and Williams et al. 
(1964-) have shown that Ss are capable of responding 
proportionately to the intensity of the stimulus in all 
sleep stages. The probability curves for behavioural 
responding (button press) in REIi and stage 4- were similar, 
but below those of stages 2 and 3; sixty hours of sleep 
deprivation eliminated all sleep stage differences. EEG 
response probabilities for different sleep stages were 
similar to behavioural response probabilities; REIi showed 
least response. Ringer vasoconstriction however showed no
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significant stage differences, but response in REIi was the 
highest. The three response variables differed throughout 
the night. EEG responding was constant but behavioural 
and finger vasoconstriction responses followed the body 
temperature curve. The differences between the three 
response measures indicated that sleep depth is not a 
simple concept and must be related to response criteria 
as well as many other variables such as time of night, 
sleep deprivation etc.
Williams (1965) found that unreinforced discrimination 
between two different tones was very poor in all sleep 
stages except stage 1, but when aversive reinforcement 
was applied to one of the tones a large improvement in 
discrimination occurred in REM sleep and a small improvement 
in stage 2, but no improvement in the other sleep stages. 
These results suggest that the incentive value of a 
stimulus interacts with sleep stage and should therefore 
be controlled when measures of AT are attempted.
Sleep stage differences in AAT were measured by 
Rechtschaffen et al. (1966) using 2KHz tones in 8 Ss.
A modification of the method of constant stimuli was used 
in order to minimize incorporation of the stimulus into 
the dream in REM. In pilot work this incorporation was 
found to result in considerably higher AAT in REM and this 
has been confirmed by unpublished research in this laboratory. 
They found no difference in AAT between stages REM and 2, 
but stages 5 and 4- had significantly higher tliresholds.
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The lack of any difference between AT in stages REM 
and 2 was confirmed by Watson & Rechtschaffen (1969) who 
studied reports of mental content after waking. They 
found that from an initial average AAT of 60dB, the 
threshold declined after several nights to approximately 
30dB, a very small stimulus indeed. This is in marked 
contrast to the results of Pisano et al. (1966) who were 
often unable to wake Ss with loud sounds. There is one 
vital difference between these two experiments: in the 
study by Watson & Rechtschaffen Ss learned that they had 
to wake up and give a dream report and stimulation was 
increased until walking occurred. It was probably rewarding 
to the Ss to wake early so as to avoid exposure to the 
louder tones and perhaps this explains the decline of AAT. 
In the Pisano study the AT may have remained high because 
it was possible to avoid the noxious stimuli by remaining 
asleep, as stimulation was discontinued if a waking did 
not occur. Coleman et al. (1959) compared the averaged 
EEG amplitude with reaction time to a 70dB noise stimulus 
and found a significant positive correlation. The 
exceptions to this trend were some very long reaction 
times in REM sleep which the authors suggest was due to 
the incorporation of the stimulus into the mental content 
of the dream. Unpublished research in tliis laboratory has 
indicated that when a gradually increasing white noise 
stimulus is incorporated into a dream the AAT is raised 
significantly compared with when incorporation does not 
take place.
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We have seen that AT in different stages of sleep 
depends on stimulus and response criteria and Okuma et al. 
(1966) studied the relationship between perception of, 
and response to stimuli during sleep. A series of 3-6 
flashes (1 per second) were presented during sleep to 
10 Ss. The Ss were required to press a switch as many 
times as the flash occurred. Half the Ss were woken 
with an 300Hz 90dB(A) tone after the flashes and the 
reaction time to this tone was measured. The S was 
forcibly woken if after 60 seconds of tone he was still 
asleep; he was then asked how many flashes had occurred.
The most important finding was that correct perception 
of the flashes was not necessarily associated with correct 
responding; this was particularly true in REM sleep.
Correct perception and responding in REM occurred on 48% 
of trials (stage 1: 83%; stage 2: 29%)- The proportion 
of trials on which correct perception was present with 
no response in REM was much higher than other sleep stages 
(REM: 13%; stage 2: 4%; stages 1 and 3/4: 1%). This 
discrepancy between perception and response that is most 
apparent in REM probably accounts for the large variations 
in AT measured in REM for stimuli of different incentive 
value. The capacity for discrimination of high incentive 
value stimuli seems to be present in REM. Reaction times 
to the 90dB stimuli were usually very short and showed a 
steady increase from stages 1-4; REM fell between stages 
1 and 2. Here we see that a noxiously loud stimulus 
followed by an inevitable waking will produce prompt 
waking as was also observed by Watson & Rechtschaffen (1969)
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Stimulus Bffects
The effects of different stimuli during sleep have 
been investigated by many experimenters. Burdack (1830) 
thought that "the psychic relation of the impression" to 
the sleeper was more arousing than "the mere sensory 
force". He quotes examples such as the mother waking to 
faint cries of her child. Adrian (1937) agreed with this 
view and suggested that an unimportant noise caused only 
a transient and localized response in the cortex but a 
faint but important noise would set the whole brain in 
action. In 1938 Dement and Wolpert examined the effect 
of three stimuli on sleep: a tone, a flashing light and 
a water spray; the water spray was the most noxious 
stimulus and caused many more wakings than the other two.
This could have been due to the subjective threat or 
novelty associated with the water spray as well as its 
noxiousness, as the Ss were used to lights and sounds 
occurring in their normal life but they would not have 
been used to a water spray.
To determine whether Ss could distinguish and respond 
to personally significant stimuli during sleep, Oswald 
et al. (i960) played tapes with names recorded at intervals 
to the sleeping Ss. The Ss were instructed to clench their 
fist when they heard their own name and one other specified 
name in the list. In stage 2 sleep, some Ss were regularly 
able to wake to their own name -fp < -.01) and even when no 
waking occurred a K complex was likely to occur for their 
own name rOOl)"* There was also a small tendency for
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the Ss to he able to wake for the other pre-selected name. 
Responsiveness disappeared almost completely in deep sleep 
(SWS). As a control the names were played backwards to 
retain the novelty associated with each stimulus to remove 
the meaning. There was no tendency for personal names to 
evoke K complexes or cause waking when reversed in this 
way, demonstrating that the critical factor was the 
personal significance of the stimulus to the S. Another 
incidental finding was that Ss often gave the fist 
clenching response to a name without showing EEG signs 
of wakefulness and this compels careful consideration 
of the criterion for response in future experiments. 
Erazier et al. (1968) found that cardiovascular and K 
complex responses were greatest in response to the S's 
own name compared with another name and least to a 500Hz 
tone.
In the normal waking state habituation occurs to 
unimportant, repeated, and familiar stimuli. Johnson & 
Lubin (1967) examined habituation to a 53dB 1 KHz three 
second tone in sleep. They found very little habituation 
of the galvanic skin response, the skin potential response 
and the heart rate response, but skin potential did show 
some habituation by the end of the night. Prior pre-sleep 
habituation to the tone had no effect on subsequent 
habituation and no clear pattern of response with respect 
to sleep stage was present.
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In complete contrast, Firth (1970) found rapid 
habituation of the orienting response to 70dB one second 
tones in stages REM, 2, and Waking. Habituation was 
fastest in REM and Waking. Heart rate and skin potential 
responses habituated as did K complexes and alpha responses. 
The differing results in the above two studies are probably 
due to the large differences in stimulus intensity. In 
order to maintain sleep, responses to a loud but unimportant 
stimulus will probably be strongly inhibited; it is unlikely 
that this inhibition will be as strong for quiet stimuli, 
as these do not disturb sleep. It is interesting to 
speculate on the limits above which a stimulus invariably 
causes arousal. Common sense dictates that there should 
be a limit, and at the onset of a very intense stimulus 
there is an orienting response, but if a full waking is 
not adaptively appropriate, powerful inhibitory mechanisms 
prevent response. In this way Ss subjected to intense, 
rhytlimic light, sound and shock stimuli fall asleep 
(Oswald, 1959) as this is the most appropriate response, 
and we see that the actual intensity of a stimulus to a 
sleeper is one of its less important attributes.
The meaningfulness of a stimulus can be manipulated 
experimentally by means of conditioned reward. In 1957 
Lindsley investigated operant behaviour in sleep. Ss were 
able to reduce the intensity of a tone by pressing a switch. 
The maximum tone level was 50dB and responding only occurred 
during gross body movements. A maximum of 50dB was probably 
too low an intensity to provide enough incentive to respond 
while asleep. Granda & Hammack (1951) solved the problem of
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loxv incentive by giving painful shocks unless Ss responded 
by pressing a switch every three seconds. Ss were able to 
respond in sleep without showing EEG signs of wakefulness 
even in stages 5 and 4; the authors suggested that higher 
mental states continued to operate in sleep. However the 
response of pressing a switch is simple to perforq, and is 
unlikely to require complex mental processes. It is not 
necessary for human Ss to be awake in order to perform 
complex responding as the evidence of sleep walking shows. 
From an adaptive or vigilance point of view however, there 
is a great difference between a conditioned button press 
or sleep walking, and an alert arousal when the S can 
respond appropriately to any given situation.
A possible neurophysiological analog of these two 
states is provided by Houttenberg (1965), The button 
pressing is activation of arousal system one only 
(ascending reticular activating system), but the orienting 
response is perhaps governed by arousal system 2 activation 
(limbic midbrain arousal system). The orienting response 
only occurs when appropriate; when a stimulus can be dealt 
with by ignoring it or by making some habitual response, 
the orienting response is short-circuited to allow 
continuity of sleep-
In 1955 Beh & Barratt showed that a conditioned response 
can be acquired during sleep using fear as a negative 
reinforcer. Using monetary reward as an incentive, Wilson 
& Zung (1955) were able to condition a waking response to 
one particular familar sound rather than control sounds.
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Williams (1965) showed that converting a neutral sound to 
a warning stimulus improved responding to that stimulus.
The warning tone was followed by a shock unless the S 
pressed a button. Responding to the unconditioned tone 
compared with the control tone was poorer in all sleep 
stages but the fear conditioned tone showed improved 
responding in REM sleep and to some extent stage 2.
The response rate in REM actually rose to 14 times the 
level before the aversive reinforcement was introduced.
Williams et al. (1966) reported the above experiment in 
more detail, dividing responses into those accompanied by 
alpha rhythm and those with no alpha rhythm. They found 
that the addition of incentive improved responding in REM 
mainly for the non-alpha responses; however only three Ss 
were tested. As many as 60-70% of the correct responses 
were not accompanied by alpha rhythm. Because of this 
and the other experiments that report responding without 
full arousal, it becomes very important to define what is 
meant by waking or arousal and to reach a useful criterion 
for the future.
These studies on human AT suggest several important 
factors which may affect AT. Firstly, stages REM and 2 
seem to have similar ATs while stages 5 and 4 have somewhat 
higher ATs. These sleep stage differences in AT frequently 
do not appear unless the stimuli are of a type that produce 
a low AT, Secondly, there is a strong positive relationship 
between the experimentally conditioned incentive value of a 
stimulus and its arousing power in REM, but much less of a
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relationship with stage 2 sleep. Wiether tliis is true for 
stimuli of intrinsic incentive value is unknown. Thirdly,
the effectiveness of arousing stimuli is enhanced hy the 
following stimulus factors: intensity, personal signifi­
cance, novelty, conditioned significance etc. and the 
intensity is probably not the most important of these 
factors. Fourthly, a full orienting response or awakening 
will only occur when it is adaptively necessary. If the
stimulus can be dealt with by a habitual or conditioned 
response this response can, and often is^performed while 
the S is asleep.
Snyder suggests that due to the heightened inward 
arousal in REM sleep, the AT in RETi should be lower than 
other sleep stages. The neurophysiological models of 
sleep based on animal studies suggest the qualification 
that this will only be true for stimuli of adaptive 
significance. Unimportant stimuli will be less likely to 
cause arousal in REM than other sleep stages because of 
the greater capacity for habituation in REM (Firth, 1970). 
The animal experiments tend not to support this contention 
that ATs will be lowest in REM (Van Twyver & Garnet, 1972; 
Davis et al., 1972) but with animals it is not possible to 
be certain that a stimulus is significant to the animal, 
and in this context one is reminded of an experiment by 
Gibson & Broughton (1969)- They introduced cats into the 
laboratory near the cages of some rats and the rats' sleep 
was completely unaffected. But, when the cats were made 
to exhibit threat behaviour by dorso-medial hypothalamic
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stimulation, a marked effect was apparent; REM sleep almost 
disappeared and much time was spent awake.
It is obviously much easier to determine which stimuli 
are significant for human subjects. It seems that 
differences in human AT between sleep stages in the 
experiments discussed above are small but these experiments 
have little resemblance to real-life vigilance situations.
If an animal has a need to sleep then sleep will only be 
interrupted for important stimuli and those stimuli will 
only occur rarely. Most of the experiments on AT present 
the stimuli many times per night and perhaps this, more 
than any other factor, devalues the arousing capability 
of the stimulus by habituation processes.
The present experiment was an attempt to recreate a 
real-life vigilance situation where habituation to the 
stimulus would be unlikely to occur, and where differences 
in AT between stages REM and 2 would be apparent. The 
following 5 hypotheses are intended to compare awakening 
latency in stages REM and 2, and to investigate the effect 
of different kinds of stimuli in these two sleep stages.
HYPOTHESIS 1 : Awakening latency in stage REM will be Pess Sho«t£^  
than in stage 2.
HYPOTHESIS 2: Stimuli possessing innate significance to
the subject will produce a shorter awakening 
latency than stimuli lacking such innate 
significance.
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HYPOTHESIS 3 : Awakening latency in HEM sleep will be
especially low for high incentive stimuli.
Two experiments were performed to test these hypotheses, 
In the first one, several criteria for arousal were compared 
and the hypotheses were tested. In the second experiment 
the lessons learnt in the first were applied to refining 
the technique of presentation of the stimuli and the method 
of measuring arousal latency. The two experiments will be 
presented separately.
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EZPERIMEITT 1
Method
Only one night was spent in the laboratory by each S 
and they were each paid 75p. They were told that the 
experiment was to examine accuracy of time estimates on 
wakings during the sleep period and that sounds would be 
played to them a few times during the night. Whenever 
they woke they were asked to press a switch (signalled 
arousal or SA) taped to their hand and give a time estimate. 
These two criteria, together with the SEG data, provided 
possible criteria for measuring awakening latency to the 
stimuli. The stimuli were the S's own first name, and 
the same name played backwards. These two stimuli were 
both presented at equal sound intensity levels (50dB(A)) 
every 7 seconds on a tape loop until the S woke; each 
stimulus was presented once in stage HEM and once in stage 
2. A total of 4 stimuli per night were presented in a 
latin square design. Wakings were restricted to the latter 
part of the night to reduce time of night effect and to 
use a period composed mainly of stage 2 and HEM. Sufficient 
time was allowed to ensure that adjacent trials did not 
affect each other and that the sleep stage was well 
established before each trial was attempted. Full EEG,
EOG and EMG monitoring was used to determine the sleep 
stage and to indicate when the S was waking so that the 
stimulus tape could be switched off.
il 928
Procedure
Stimuli
A tape loop was prepared so that on one channel the 
S's first name could he repeatedly played at 7 second 
intervals and on the other channel the name was reversed. 
The recording was played in the bedroom via an extension 
loudspeaker from the tape recorder in the experimental 
room. The loudspeaker was placed nine feet from the S's 
pillow and pointed at the ceiling to distribute the 
sound evenly throughout the room. The background sound 
level in the bedroom was measured at the S's pillow with 
all the recording equipment in the experimental room 
running. The level was approximately 40dB(A) using a 
slow response time on the meter. The stimulus intensity 
was adjusted to a level 10dB(A) greater than the background 
sound level (total = 50dB(A)) and the levels of the two 
stimuli were equalized.
Pour trials were attempted with each S during the one 
night spent in the laboratory. Trials were all between the 
hours of 3 and 7 A.M. The trials were a minimum of ^ hour 
apart and 10 minutes of the sleep stage had to occur before 
a trieil was attempted in that stage. A latin square design 
was used, four subjects comprising one block of the square. 
The four stimulus presentation orders are presented in 
Table 1.
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Table 1. The latin square design for the two stimuli, 
name forward (?) and name backward (B), 
presented once in REM and once in stage 2 
for each subject.
SUBJECT STIMULUS ORDER
-1 EEM(I') 2(B) EEM(B) 2(F)
2 EEH(B) 2(F) EEM(F) 2(B)
3 2(F) EEM(B) 2(B) EEM(F)
4 2(B) EEM(F) 2(F) EEW(B)
A design was chosen to guarantee alternation of trials 
between the two sleep stages. It would have been difficult 
to carry out other sequences because of the natural 
alternation of stages REM and 2 in the latter part of the 
night.
Eight Ss were used and the above latin square was 
completed twice. At the onset of each trial the name 
forward or name backward stimulus was selected; the tape 
recorder was then switched on and allowed to run until 
the 8 woke. If no waking occurred within one minute, 
stimulation was discontinued.
Measurements
On the AEl eight channel polygraph, EEG, EOG and EMG 
recordings were made continuously from 2:30 A.M. The 
equipment was prepared and the electrodes were applied to 
the S in the standard way described in chapter 3- One 
channel of the polygraph recorded a signal when the S
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pressed a micro-switch taped to his forefinger, and a 
tape recorder was switched on before each trial to record 
the S's time estimate and-the stimuli. The sounds made 
in the bedroom were also fed to one of the polygraph 
channels via a rectification circuit. This enabled 
the latency to be measured between the first stimulus 
and: (i) the onset of alpha rhytbm, (ii) the S's time 
estimate and (iii) the S's signal from the switch. The 
latency of these three responses was measured by means 
of the one second time marker pips on the polygraph 
output.
Instructions
The Ss were given the following instructions before 
going to sleep: "Whenever you wake up in the night 1
want you to press the switch that is taped to your fore­
finger and give me a time estimate; could you please do 
these two things as soon as possible after waking up. 
Several times during the night 1 will play some sounds 
through the loudspeaker over there; if these sounds wake 
you please press the switch and give a time estimate.
You will probably only wake a few times and 1 will not 
normally acknowledge your time estimate." E then asked 
if the instructions were clear and then asked the S to 
repeat what he had to do on waking.
31
Subjects
Eight Ss were used: 4 males and 4 females. All 
were healthy adults, aged between 18 and 24 years.
Six were students at Bedford College, one was at 
another College and one was a secretary, hone of 
the Ss had slept in a laboratory before, and none 
knew the purpose of the experiment.
Results
Each of the hypotheses was tested with all three 
of the awakening criteria and the problems and errors 
associated with the different criteria were compared.
A summary of the data appears in Appendix 2.
First Criterion: Onset of alpha rhythm or beta rhythm
in the EEG.
The presence of alpha or beta rhythm in the EEG is 
usually a good guide in detecting the presence of wakefulness. 
The transition from sleeping to waking however was often 
accompanied by large body movements whose muscle action 
potentials made onset of the alpha and beta rhythms 
difficult to locate. The mean latency and standard 
deviations (S.D.) of onset of alpha-beta rhythms for the 
four experimental conditions in the eight Ss are shown in 
Table 2. (Appendix 3a)
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Table 2. Heans and S.D. in seconds of alpha-beta rhythm 
for four experimental conditions (N = 8).
EXPERIHEÏ:TTAL CONDITIONS 
EEH Forward REH Backward 2 Eorward 2 Backward 
Hean 1.?^ 3.12 6.75 10.23
8.D. 1 .36 3"41 6.16 14V91
1The transformation, % = l o g ( 1 + X )  was applied to
each score and a split plot analysis of variance was 
performed on the results- A summary of the analysis is 
shown in Table 3= ^
Table 3" Split plot analysis of variance summary of 
alpha-beta latency times.
SOBECE SS u HS E P
Between Subjects
Batin Square .0023 1 .0023 <1 1,5 NS
Stimulus Pattern .1792 3 .0397 <1 3,5 NS
Ekror 1 .2082 3 .0694
Within Subjects
Treatments
REH vs. 2 .7752 1 .7752 4 .15 1,21 NS
E vs. B .0448 1 .0448 <1 1,21 NS
Residual .0249 1 .0249 <1 1,21 NS
Error 2 5.9435 21 .1877
Total 3.1799 51
The analysis did not reveal any significant differences 
although there was a difference between stages REH and 2 
which approached significance-
iSecond Criterion: Completion of the time estimation task.
The use of the time estimation task as a criterion 
for waking onset was not very satisfactory for two reasons- 
Firstly, Ss sometimes forgot to give a time estimate; 
this occurred on five occasions and these trials were 
assigned a value of 50 seconds for the purpose of the 
analysis. Secondly, it was clear that sometimes the Ss 
deliberated lengthily on the task and consequently the 
latency measure was excessively long. A short, easily 
performed task would be preferable to eliminate this 
source of error. The mean awakening latencies and S.D. 
in seconds for the time estimate criterion are displayed 
in Table 4. (Appendix 3b)
Table 4. Means and S.D. in seconds of the latency to 
the time estimate under four experimental 
conditions (N = 8).
EXPERIMENTAL CONDITIONS 
REM Forward REM Backward 2 Forward 2 Backward 
Mean 18.30 23-00 31-12 34.00
SD 9.23 16.34 22.79 18.62
The logs of the scores were used in the analysis in 
order to normalize the data. A split plot analysis of 
variance was performed on the results and the summary 
of the analysis is shown in Table 3-
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Table 5- Analysis summary of latency (in seconds) to
SOURCE SS u MS E U1U2 P
Between Subjects
Latin Square .0711 1 .0711 <1 1,3 NS
Stimulus Pattern .2023 3 .0674 <1 5,5 NS
Error 1 3 .1984
Within Subjects
Treatments
REM vs. 2 .2676 1 .2676 3.08 1,21 NS
P vs. B .0380 1 .0380 <1 1,21 NS
Residual .0003 1 .0003 <1 1,21 NS
Error 2 1.8210 21 .0867
Total 3.0203 31
None of the results were significant and the only
comparison that remotely approached significance was the 
difference between stages REM and 2, the same result 
found with the alpha rhythm criterion.
Third Criterion: The onset of the signal from the 8
pressing the switch.
Unfortunately the Ss often forgot to press the switch 
on waking. Ss 4, 5 and 8 did not press the switch at all 
and Ss 2 and 5 pressed it on 5 of the 4 trials. The means 
and S.D. for the switch press criterion for subjects 1, 2, 
3, 5 and 7 are shown in Table 6. The two missing scores 
for Ss 2 and 3 were assigned maximum values of 60 seconds. 
(Appendix 3c)
^  PnOt€
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Table 6. Means and S.D. in seconds of the latency of the 
signalled response under four experimental 
conditions (N = 3)»
EXPERIMENTAL CONDITIONS 
REM Forward REM Baclavard 2 Forward 2 Backward 
Mean 1 1 . 2 0 . 0 0  23.60
S.D. 4X12 3.78 20.73 18.63
For the previous two criteria all variables contributing
to the variance of the data were non-significant. If we coaco
assume that they are not significant in the signalled
response criterion we are now considering, we can analyze
the data with a simple Treatment by Subject two-way analysis 
yt
of variance. Table 7 is the summary of such an analysis.
Table 7- Analysis of the signalled response latency in
log-■ seconds.
SOXJECE SS u MS F P
Treatments
REM vs. 2 . 5 7 5 1 1 . 5 7 5 1 2 . 3 2 1,12 NS
F vs. B .1623 1 .1623 1.01 1,12 NS
Residual .0163 1 .0163 <1 1,12 NS
Subjects .8389 4 . 2 0 9 7 1 . 3 0 4,12 NS
Error 1.9567 12 .1614
Total 5 . 5 2 9 5 19
r/fis AwALvsfjs îi iTATlsTlCrtC-i-y IN A Ats/ 0 /Vo c A/V Q é
Pt-BCQp crrf E e>i\rEC>£)t r
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None of the hypotheses were supported hy the analysis, 
although again the largest F ratio came from the comparison 
of REM with stage 2. The mean awakening latencies for each 
of the three criteria of arousal under the four experimental 
conditions were calculated and are displayed in Table 8.
Table 8. Mean awakening latencies (in seconds).
CRITERION REM F REM B 2 F 2 B
Alpha-beta onset 1.73 3.15 6.75 10.>25
Time estimate 18.30 23.00 51.15 54..00
Signalled response 8.20 11.40 20.00 25=.60
In order to compare the different criteria each row 
of means was divided by the smallest, so that the ratios 
between the conditions could be compared and the result 
is displayed in Table 9»
Table 9« Ratios of the means for the four conditions.
CRITERION REM F REM B 2 F 2 B
Alpha-beta onset 1 1.8 5.9 5-■ 9
Time estimate 1 1.2 1.7 1.,8
Signalled response 1 1-4 2.4 3-.1
It is clear that on the basis of discriminatory power 
between the four experimental, conditions, the time estimation 
task was the poorest, wliile the EEG criterion was the best.
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Discussion
None of the hypotheses were given strong support hy 
any of the three criteria of awakening used. However, 
the means for the different treatments were in the 
direction predicted hy hypotheses 1 and 2 for all three 
criteria of arousal. For both significant and non­
significant stimuli the mean awakening latency in REIi was 
less than that of stage 2; also for both sleep stages 2 
and EEM the significant stimulus produced a shorter 
awakening latency than the non-significant stimulus.
There was no evidence that supported hypothesis 3; for 
all three criteria the interaction between sleep stage 
and meaningfulness of the stimulus was non-significant- 
The design of the experiment was successful in that no 
order effects were apparent in the data, but there was 
a large error variance for all three criteria. One 
possible reason for this may have been that sleep was 
somewhat unstable as the Ss had not slept in the 
laboratory before. Perhaps an adaptation night preceding 
the experimental night might have produced more consistent 
results.
The first criterion of waking, alpha-beta rhythm onset, 
produced the shortest awalcening latencies on all trials, 
and produced the greatest differences in awakening latency 
ratios between the conditions (Table 9)- Tiiis suggests 
that alpha-beta rhythm onset was a sensitive criterion but 
it did suffer from one main disadvantage; on awakening,
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large body movements often occurred which produced muscle 
action potentials that obscured the presence of alpha- 
beta rhythm and quite often large errors in the latency 
measure may have been introduced.
The second criterion of awakening was the time 
estimation task. This suffered two considerable dis­
advantages. Firstly, there was the problem of missing 
data; on five occasions Ss did not give a time estimate. 
These trials were assigned a value of sixty seconds for 
the analysis but this obviously introduced an unwanted 
source of error. This problem may have been solved by 
extending the stimulation period from one to several 
minutes, or the stimuli could have been made louder.
Tills latter solution is not preferable as the reason the 
stimuli were quiet, was to make the awakening latency 
measure more sensitive to small sleep stage differences 
by causing a greater time distribution of awakening latency. 
The second problem with this criterion was that the Ss 
sometimes deliberated lengthily on the task rather than 
giving a prompt answer. This interaction of the varying 
difficulty of the task with the task as a latency measure 
was undesirable. It would seem that the best way of 
reducing error effects due to task complexity is to use 
a very simple task.
The third criterion was a simple task; the S was 
required to signal by pressing a switch. The signal seemed 
to be promptly made and was easily identifiable but three 
of the Ss forgot to press the switch. They were told the
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experiment was concerning time estimation and they may 
have forgotten to press the switch because it was not 
presented as a major part of the experiment. If the 
signal task is to be useful, some way should be found 
of ensuring that the Ss will respond; either the 
importance of the task could have been stressed or an 
initial adaptation night could have been used to train 
the S on the task. The experiment was not successful 
in supporting the hypotheses but this was probably due 
to deficiencies in the design. The experimental night 
should have been preceded by a night in the laboratory 
to adapt the Ss to the lab and to train them on a 
suitably simple task to provide an awakening latency 
measure.
The next experiment was designed to overcome the 
deficiencies of this one so that the same hypotheses 
could be tested with more sensitivity and reliability.
EXPERIMENT 2
Introduction
The purpose of this experiment will he to test the 
hypotheses presented in the Introduction of this chapter:
KÏPOTBESIS 1 : Awakening latency in stage REM will he less 
than in stage 2.
HYPOTHESIS 2: Stimuli possessing innate significance to
the subject will produce a shorter awakening 
latency than stimuli lacking such innate 
significance.
HYPOTHESIS 3: Awakening latency in REM sleep will be
especially low for high incentive stimuli.
Several changes in the design of this experiment were 
made as a result of the findings of experiment 1, to reduce 
the error in the measures of awalcening latency and to 
improve the sensitivity of the experiment to sleep stage 
and stimulus differences. The time estimate criterion was 
discarded, and an adaptation night was introduced to train 
Ssto press the signal switch on waking and to stabilize 
the sleep pattern on the experimental night. A greater 
time was allowed for response to occur during stimulation.
Method
Each S slept alone in the laboratory, for two consecutive 
nights and they were paid 75p per night. They were told that 
the purpose of the experiment was to investigate spontaneous 
wakings during the night. On the first night no plygraph
14Î
data was obtained but the Ss did sleep with the electrodes 
on, and the equipment was turned on to simulate the same 
sensations that the Ss would feel and hear on the second 
(experimental) night. The purpose of the first night 
was to acclimatize the Ss to the lab and to train them 
to respond by pressing a switch each time they woke.
On the second night the design was very similar to that 
of experiment 1. The Ss were told that sounds would be 
played during the night and that on each occasion that 
they woke they were to signal as on night 1- The two 
criteria for measuring awakening latency were the Ss' 
signal and onset of alpha-beta rhythm. It was made 
clear to the Ss that they were to signal when they woke 
up rather than when they heard the sounds. The purpose 
of this was to eliminate the possibility of responding 
during sleep.
The stimuli were the S’s first name and the same name 
reversed; they were repeated -at 30dB(-A) every seven seconds 
until waking occurred or until four minutes without response 
had elapsed, after which time the trial was discontinued. 
Each of the stimuli were presented in stages REM and 2 in 
a latin square design to compensate for order and time of 
night effects. Wakings were in the latter part of the 
night to reduce time of night effects and to use a period 
of sleep mainly composed of stages REM and 2- A minimum 
of half an hour were allowed between trials and ten minutes 
of one sleep stage was allowed before a trial in that stage 
was attempted. This was to ensure trials did not affect
JL ri1
each other and were representative of the sleep stage 
from which they originated. EEG, EOG and EMG data were 
obtained throughout the latter part of the night on 
night 2 in order to determine the sleep stage.
Procedure
Stimuli
Night 1. No stimuli were given; the Ss were put to bed
at their normal time and told to get a good night's sleep.
Night 2. Stimuli end method of presentation were exactly 
the same as in experiment 1 (page 12?) except that the 
stimulus intensity was always 50dB(A) and stimulation 
was continued for a maximum of four minutes (or until 
the S woke) instead of one minute.
Measurements
Night 1. -No -polygraph recording warS-made-onr-nirght- one but -
the EEG, EOG and EMG electrodes were-applied to the S for-
acclimatiaat-i-on purposes. Any equipment to be used on 
night 2 that was audible to the S was also switched on.
The S had a miniature micro-switch taped to the forefinger 
of the dominant hand for signalling purposes. Each time 
the S pressed the switch a pulse was recorded on a Rustrack 
event recorder. At the end of night one, the Rustrack 
record was examined to check that the S had been pressing 
the svjitch.
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Night 2. The procedure on night 2 was the same as in 
experiment 1, except that the S gave no time estimate 
and so the tape recording of the S's vocalizations 
during each trial was not made.
Instructions
Night 1. The Ss were given the following instructions 
before going to sleep on night one. "Whenever you wake 
up in the night I want you to press the switch that is 
taped to your forefinger as soon as possible after waking." 
The S was then asked if he understood the instructions 
and he was also asked to press the switch for practice 
a couple of times.
Night 2. On night two the instructions were: "Just as
you did last night, whenever you wake up in the night, I 
want you to press the switch that is taped to your fore­
finger as soon as possible after waking up. Several times 
during the night I will play some sounds through the 
loudspeaker over there; if these sounds wake you, please 
press the switch as soon as you wake up. You will probably 
only wake up a few times and after pressing the switch you 
may go back to sleep."
Subjects
Eight Ss were used: two males and six females. All 
were healthy adults aged between 18 and 22. Six were 
students at Bedford College, one was unemployed and one 
was a civil servant. None of the Ss had slept in a sleep 
laboratory before.
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Results
Only two ont of the total of $2 trials did not produce 
an awakening within the four minute time limit ; both were 
trials with the non-meeningful stimulus, one was in REM, 
the other in stage 2. These two trials were assigned 
waking latencies of four minutes in the analysis. All 
of the trials when the Ss had signalled that they had 
woken were accompanied hy EEG and EMG signs of wakefulness. 
Table 10 shows the means and standard deviations in seconds 
of the raw scores for both arousal criteria under the four 
experimental conditions. (Appendix 3d)
Table 10. Means and S.D.s in seconds for the alpha-beta 
response and the signalled response under the 
four conditions.
CRITERIA CONDITIONS
REM E REM B 2 E 2 B
Alpha-beta onset
Mean 3-7 44.1 19-2 37-7
S.D. 6.7 80.7 37.7 73.6
Signalled response
]%ean 10.6 '49.7 :27.9 ?Ti.0
8.1). 8.4k 79 .0 4^3.6 7 2 .4
Due to the four minute time limit on awakening latency 
rather than the one minute limit in experiment one, the 
scores were even less normally distributed. In order to 
carry out a split plot analysis of variance the logarithms 
of the raw scores were used in the analysis. Table 11 is 
a summary of the analysis of variance of the awakening
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tlatency to the signalled arousal criterion, and Table 12 
shows a similar analysis suomary for the EEG criterion 
of arousal.
Table 11. Analysis summary of the awakening latency to 
the signalled arousal criterion.
80UEGE SS u MS E ^1^2 P
Between Subjects
Latin Squsae .571 1 .371 <1 1,3 US
Stimulus Pattern .116 3 .038 <1 3,3 US
Error 1 5.423 3 I.8O7
Witliin Subjects
Treatments
REM vs. 2 .667 1 .667 4.30 1,18 .03
E vs. B 1.930 1 1.930 12.96 1,18 .01
Interaction .034 1 .034 <1 1,18 US
Order 1.460 3 .490 3.29 3,18 .03
Error 2 2.681 18 .149
Total 12.882 31
Table 12. Analysis summary of the awakening latency to
the EEG criterion.
SOURCE SS u MS E "1^2 p
Between Subjects
Latin Square .84 1 .84 <1 1,3 us
Stimulus Pattern .69 3 \.23 <1 3,3 us
Error 1 8.20 3 2.73
Within Subjects
Treatments
REM vs. 2 .55 4 .33 1.33' 1,18 us
E vs. B 1.76 1 1.76 4.47' 1,18 .03
Interaction .16 1 .16 <1 1,18 us
Order I.6I3 3 .34 1.37 3,18 us
Error 2 7.093 18 .394
Total 20.448 31
F'ACI n/Gr PfiGrF^
l4G
Erom Table 11, the difference between sleep stages 
(REM and 2) is significant at the 5% level and the 
difference between stimuli is significant at the 1^ 6 level. 
There was however no significant interaction effect 
between sleep stage and type of stimulus. For the EEG 
criteria results displayed in Table 12, the only 
significant difference is between the stimuli.
Discussion
The steps taken to prevent habituation to the stimuli 
were shown to be necessary by the significant order effect 
present for the signalled arousal criterion. In fact the 
trend was to shorter awakening latency by the fourth 
stimulus. This is in agreement with results found in 
other experiments where stimulation was continued until 
a response occurred (Watson & Rechtscliaffen, 1969). The 
shorter awakening latency in REM compared with 2 was 
significant (p < .03). This may be true only for the 
type of stimulus situation used in this experiment, which 
in many ways approximates a real-life vigilance situation. 
The results support Snyder's theory which is probably more 
applicable where a low frequency of critical signals 
requiring vigilance wakings are present. In experiments 
with conditioned stimuli, and frequently repeated 
unconditioned stimuli, it is apparent to the S that the 
stimuli have little survival significance. Consequently 
processes such as habituation and incorporation of the 
stimuli probably eliminate any threshold difference between
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stages REM and 2. Some support this explanation may 
he derived from the special sensitivity of the Ss to the 
stimuli used in the present experiment; they woke fairly 
promptly to quiet stimuli which they were not expecting
and had not heard before.
The use of an overt response as a criterion of waking 
rather than an EEG criterion was quite successful in 
discrimination between sleep stages REM and 2. Little 
of significance emerged when EEG criteria alone were used. 
This could have been due to inherent errors in measuring 
latency of the alpha rhythm as a result of obscuration 
by muscle action potentials.
The training of the Ss to respond to waking up rather
than to the sound stimulus was successful, as the Ss often
could not remember what the stimuli had been when they 
woke at the end of the experiment. This procedure was 
probably instrumental in ensuring that Ss were fully awake 
when they signalled. Evidence for this latter point is 
that EEG alpha rhythm occurred on all trials that Ss 
signalled that they had woken. The technique of responding 
to waking rather than to a stimulus seems to have eliminated 
the responding without full arousal that is often observed 
in experiments on conditioned responding to stimuli (Williams 
et al., 1966). It is a useful criterion to apply in future 
studies on arousal threshold-
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The difference between the meaningful and meaningless 
stimuli (name forward vs. name backward) was very 
significant (p < .01) and was even present using the EEG 
criterion of arousal (p < .05). This confirms the findings 
of Oswald et al. (I960) that personally significant stimuli 
are more arousing in stage 2. In the present experiment 
the meaningful stimulus produced shorter awakening latency 
in both stage REIi and 2; this provides strong support for 
hypothesis 2. It is interesting that improved responding 
in REM compared with stage 2 existed for both stimuli as 
evidenced by the very low Treatment x Stage interaction 
term. The work of Williams et al. (1966) suggested that 
the more meaningful stimulus would provide the largest 
difference between stages REM and 2. The present results 
have shown however that improved responding in REM also 
occurred to the non-meaningful stimulus. The name forward 
stimulus has very strong personal significance which it 
lacks when reversed; but, as a result of the steps taken 
to prevent habituation of the stimuli, both stimuli retained 
much novelty value as they were only presented twice to 
each 8. Hypothesis 3 remains unsettled and it is quite 
possible that stimuli differing more widely in incentive 
value would show a differential effect on aw aliening latency 
in stage REM.
In this experiment it was impossible to assess the 
relative contributions of novelty and personal significance 
to the reward value of the arousing stimuli. The meaningful 
stimulus was more effective in causing arousal for both
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signalled and EEG criteria of waliing and the arousal 
latency in REM was shorter than in stage 2 for the 
signalled arousal criterion. These results support 
Snyder's view that aw aliening threshold in REM is less 
than stage 2 with the reservation that this may only 
he true for conditions similar to a real-life vigilance 
situation.
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CHAPTER 6 PEREORMAHGE AFTER AROUSAL FROM DIPPEREHT 
STAGES OF SLEEP
The purpose of this chapter was to examine performance 
after arousal from different stages of sleep on a variety 
of tasks and to determine the tasks (if any) which 
distinguish performance after REM sleep from performance 
after stage 2 sleep.
Introduction
Several investigators have tried to assess performance 
on sudden awakening from sleep. Hartman and Langdon (1961 
& 1965) and Hartman et al. (1965) tested performance two 
minutes after waking. They used a complex reaction time 
task and a multi-dimensional pursuit task; testing was 
carried out for ten minutes after each waking. Ss were 
tested at their usual morning waking, at midnight and at 
5 A.M. Surprisingly no significant differences were found 
hut the performance was worse when woken at midnight and 
3 A.M. than when tested just-.before sleep at 10:30 P.M.
Performance on a hand dynamometer was measured hy 
Jeannaret and Wehh (1963) at the normal morning awakening 
time. Grip strength was 13% less than when tested in the 
early afternoon. The use of an early afternoon trial as 
a control measure is unsatisfactory due to diurnal variations 
in performance, which alone could have given their results.
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A similar criticism can be levelled at a study by Seminara 
and Shavelson (1969). They confined Ss for five days in a 
simulated lunar shelter and required them to make emergency 
responses to auditory warning signals when they were awake 
and asleep. The tests were: reaction time to warning,
checking the readings on five meters, setting switches, 
potentiometers and valves, and donning a pressure suit. 
Performance after sudden waking from sleep was significantly 
worse than performance while awake. The greatest difference 
in performance was within the first three minutes of waking 
but a deficit was still apparent after nine minutes. In 
this experiment it is not possible to assess the relative 
contributions of preceding sleep and diurnal rhythms on 
performance.
A study by Webb and Agnew (1964) however has thrown 
light on this matter. They used a switching task to test 
performance of Ss woken from daytime stage 4 sleep. All 
trials were in the early afternoon and Ss were tested 
before going to sleep, immediately after waking and five 
minutes after waking. Significant impairment was found 
immedately after waking but recovery was complete by one 
minute after waking. After one minute there was no residual 
impairment, which suggests that the effect of the preceding 
stage 4 sleep was only short lasting, and certainly less 
than five minutes.
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The long term effects noted hy Seminara and Shavelson 
(1969) are therefore probably attributable mainly to 
diurnal variation in performance rather than the preceding 
sleep. It is possible that stage 4 sleep during the mid­
afternoon is different in other ways from stage 4 sleep 
at night, and it would be more appropriate, if less 
convenient, to do both experimental and control trials 
at night. Wilkinson and Stretton (1971) tried to 
separate the factors of sleep stage effect and diurnal 
variation in performance. Testing commenced four minutes 
after waking and lasted for eleven minutes; the tasks 
used were reaction time, adding and motor coordination. 
Wakings were made at 12:30 A.M., 1:30 A.M., 3:30 A.M.,
5:30 A.M. and a control trial was conducted at 2:30 P.M.. 
Performance for all waking times and tasks was inferior 
to the control awakening (p < .05). No significant 
differences were found when any of the tests were 
performed at 4, 8 and 12 minutes after waking, implying 
that no recovery occurred between 4 and 12 minutes after 
waking. Across the night the variation in performance 
varied with the task. Reaction time was at its worst 
early in the night. The authors suggested that reaction 
time impairment early in the night may have been pre­
dominantly due to the preceding slow wave sleep, whereas 
late night impairment of the other two tasks might have 
been due primarily to a trough in the diurnal rhythm of 
physiological activity. If this is true the effect of 
sleep stage on reaction time prior to waking can last up 
to 12 minutes. This does not agree with the findings of
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Webb and Agnew (1964) but as was mentioned above, the 
difference may lie in the possibility that night sleep 
is different in some way from day sleep. It may be 
that the diurnal variation in performance interacts 
with the effect of sleep stage on performance. The 
issue concerning the time course of recovery of 
performance from the adverse effects of preceding 
sleep is not settled. The effects may be short lasting 
but at night other factors can perhaps potentiate the 
effects of preceding sleep and cause long-term impairment 
on some types of tasks.
Several investigators have tried to determine whether 
differences exist between sleep stages in performance after 
arousal. Tebbs and Foulkes (1966) tested strength of grip 
in 20 Ss in UREM sleep and REM sleep. They found that when 
woken from REM sleep, grip strength was consistently but 
not significantly weaker than when woken from UREM sleep.
The main purpose of this experiment was deprivation of 
REM sleep, and consequently REM wakings were made at the 
start of REM periods. This was an unsatisfactory method 
of testing the effect of REM sleep on performance, as the 
effects of any sleep stage would probably take a few minutes 
to become established. Scott and Snyder (1968) tested 
performance after wakings from stages REM, 2 and 3/4 using 
reaction time, arithmetic tasks, and two flash threshold 
tasks. They found progressively greater impairment from 
REM through stage 2 to stages 3/4. Only the results for 
stages 3/4 were significantly different from the others.
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Differences between stages REM and 2 and control trials 
were small and variable, and showed much less impairment 
of performance than trials after stages 3/4. As a 
continuation of this type of study, Scott (1969) showed 
that complex tasks requiring integrative functioning were 
more adversely affected by preceding slow wave sleep. 
Reaction time after SWS and REM as well as control wakings 
not preceded by sleep were studied by Eetlin and Broughton 
(1968). They tested the ability of 7 Ss to distinguish 
white from blue flashes. Reaction times were usually short 
but occasional'long ones occurred (1% control, 16% after 
SWS and 8% after REM). There were significantly less of 
these long reaction times in REM than in SWS (p < .03) 
but both REM and SWS had significantly more than the 
control trials (p < .01). Mean reaction times were .399 
seconds in control trials and much longer ( .3 1 seconds) 
after SWS (p < .001). Reaction times after REM were not 
significantly longer than control trials (mean = .44 sec.). 
The authors noted that arousal from SWS was progressive, 
whereas following REM sleep, Ss were initially more alert, 
then they tended to lack interest and fall asleep.
Other workers support these findings on the Ss' 
behaviour after waking. Gastaut and Broughton (1963) found 
that children were very difficult to arouse from UREM sleep 
and appeared extremely confused, but this was never the case 
after REM wakings. Eiss, Klein and Bokert (1966) also found 
that thought content was blocked, perseverative and impoveri­
shed after SWS awakenings in adults but much less so after
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REM wakings. Broughton (1968) on waking adults from SWS 
found confusion, disorientation, unreactivity, high 
arousal threshold, amnesia, automatic behaviour. In 
contrast, after wakings from REM sleep Ss became lucid 
and alert almost immediately although arousal threshold 
was as high as from SWS. These findings were supported 
by Broughton's study of visual evoked potentials. After 
REM these potentials were similar to wakefulness but 
after SWS marked differences were apparent up to five 
minutes after waking.
The experiments discussed above show that two main 
factors affect performance after arousal from sleep. 
Firstly diurnal variation in physiological function is 
an important source of variation in task performance. 
Secondly, sleep stage differences do exist especially 
with more complex tasks. Stages 5 and 4 are almost 
invariably followed by impaired performance, but stages 
REM, 1 and 2 show only small and variable differences 
from control trials preceded by wakefulness. The sleep 
stage effects do not last long after waking, certainly 
no more than ten minutes and possibly only one minute 
on some types of task.
The most abundant stage of human sleep is stage 2 and 
from Snyder's theory we would expect performance after REM 
to be better than after stage 2. Snyder's third premise 
is that the REM state provides the preparatory activation 
prior to each sentinel awakening; even if extended stage 2
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does not produce impairment similar to that produced in 
stages 5 and 4, we would expect performance after REM 
to he superior to stage 2 because of the hypothesized 
activating function of REM. A comparison of performance 
after wakings from stage REM and stage 2 will be a more 
critical test of Snyder's third premise but any difference 
in performance may be small.
A careful consideration of Snyder's theory might 
suggest that the measurement of performance after forced 
arousal is not the most appropriate test of the third 
premise. The reason why the vigilance wakings occur at 
the end of REM periods may be that performance capability 
is not fully restored until then. It is possible that 
spontaneous vigilance awakenings can only occur when an 
optimum level of internal activation is reached. Forced 
wakings made to test performance may prematurely terminate 
the activation process. It would be more meaningful to 
Snyder's theory to test performance after spontaneous 
arousais or at least arrange for the trials to occur as 
late as possible in REM periods and stage 2 periods. The 
muscular atonia that is an essential part of the REM state 
is terminated naturally at spontaneous awakenings at the 
end of REM periods. Forced arousals however may not be so 
effective in turning off this efferent inhibition. If 
this were true it might account for the low grip strength 
in REM found by Tebbs and Foulkes (1966) and would emphasize 
the value of giving performance tests after spontaneous 
awakenings. These considerations,together with the fact
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that spontaneous vigilance wakings were the 'raison d'etre' 
for the REM state in Snyder's theory, suggests that we 
concentrate on these spontaneous wakings in order to test 
the third premise of the theory.
EZPERIMEUT 1
HYPOTHESIS: %)ontaneous awakenings from REM sleep will
be followed by better performance on a 
variety of tasks than spontaneous awakenings 
from stage 2.
Method
A battery of tests was constructed in such a way that 
many facets of performance were measured within a time 
limit of about 8 minutes. The tests were as follows:
Task No. 1 : simple reaction time; on waking, a buzzer
was switched on and the S's task was to press a switch 
by the bed to turn off the buzzer as quickly as possible. 
Task No. 2: A memory task; before going to sleep the S
read twice a list of one hundred randomized six letter 
target words. On each trial during the night the S 
scanned a list containing twenty target words mixed with 
sixty similar non target words. The S underlined any 
remembered target words. The time to complete the task, 
the percentage of target words underlined and the percentage 
of non target words underlined were noted.
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Task No. 3: A reasoning task comprising four IQ items
(2 verbal, 2 spatial; Eysenck, 1962) of no great difficulty. 
The S was asked to answer any three out of the four items 
as quickly as possible.
Task No. 4 : A letter cancellation task in which the S
scanned a sheet of 1000 randomly generated equi-probable 
letters of the alphabet and marked all of the n's with a 
pencil. The time to do the task and the number of errors 
made were measured.
Task No. 3: two bipolar mood scales; the S gave a score
of 1 to 7 on two dimensions:
(a) alert, lively, wide awake-----sleep, drowsy, tired
(b) fearful,jittery,insecure -----confident, calm, carefree
Trials before the experiment established that the five 
tasks were well within the capabilities of the Ss and
they could be completed within about 8 minutes.
Each S spent only one night in the laboratory and as 
spontaneous wakings were to be the occasion for giving the 
tests, it was thought that no more than four trials could 
be attempted per night. Two trials after periods of stage 
2 sleep, and 2 trials after REM periods were attempted in 
addition to a control trial at the end of the night. The 
criterion for spontaneous arousal was a sleep disturbance 
lasting at least 20 seconds, comprising increased muscle 
tonus together with alpha rhythm. No trial was attempted 
unless 10 minutes of undisturbed stage 2 or REM sleep 
preceded the arousal and a minimum of 20 minutes was 
permitted between trials.
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The order of the trials posed a difficult problem in 
that the order was largely determined by the occurrence 
of the spontaneous wakings. An attempt was made to ensure 
that equal numbers of the stage 2 trials and REM trials 
occurred in each of the four possible order positions.
In this way it was hoped that practice effects on the 
tasks and changes in the S’s motivation could be balanced. 
The small number of trials also helped considerably in 
this respect. As most stage REM and stage 2 occur in 
the second half of the night's sleep, no trials were 
attempted before 3 A.M. As a result of this method the 
range of times over which trials were performed was reduced 
without losing many opportunities for performing a trial. 
This had the advantage of reducing the unwanted errors due 
to time of night effect, which are known to affect 
performance after waking. The fifth trial was conducted 
at least 10 minutes after the S had woken finally at the 
end of the night and it was hoped that this would be 
representative of wakefulness. This trial would not control 
for any time of night effect and so the comparison with 
stage REM and 2 trials should be made with caution. Each 
S was paid 75p on completion of the experiment and they 
were given the (incorrect) impression that they were being 
paid more for better performance on the tasks.
iSubjects
3 subjects were invited to take part in an 
experiment on performance after waking from sleep.
All of the Ss were students of psychology, aged 
between 18 and 26 (1 male, 4 female), and none had 
slept in the sleep laboratory before.
Apparatus
EEG, EOG and EMG were measured in the manner described 
in chapter 3. ' The E did not enter the bedroom during the 
night so that the S would be minimally disturbed; the S's 
performance was monitored by a T.V. camera feeding a 
monitor in the experimenter's room. Illumination was 
supplied by a bedside lamp that was switched on only for 
the duration of the tasks. A relay circuit was constructed 
so that when S pressed a key in the experimental room a 
loud buzzer sounded by the S's bed until the S pressed a 
similar key by the bed. The duration of the buzzer sound 
was measured from an audio signal channel on the polygraph 
to the nearest second. When the S pressed the key, the 
lamp was turned on so that the S could start the tests, 
which were on a low table along one side of the bed.
The length of time spent on each section of the tasks 
was measured by E with a stopwatch.
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Procedure
The Ss reported to the lah one hour before their 
usual bedtime, and were asked to get ready for bed.
The electrodes were then applied for the measurement 
of EEG, EOG and EMG. While this was being done the 
Ss were given the list of 100 target words to read 
and were given the following instructions: “Here is
a list of words. I want you to read each word once 
quietly and try to remember as many words as possible 
from the list as you will be asked to recall them 
later in the night. You will get one more opportunity 
to read the list before going to sleep." The S then 
got into bed and the EEG, EOG and EMG signals were 
checked for correct functioning and a test was made to 
ensure that the S generated some alpha rhythm while 
awake. The following instructions were then given to 
the Ss. "You will be woken up four times during the 
night to do some tests. To wake you up, I will turn 
on a buzzer (E then demonstrated this) and I want you 
to turn it off as quickly as possible by pressing this 
switch (E demonstrated). I will then turn the light on 
and I want you to start the tests immediately. " The S 
was given a practice trial with the buzzer followed by 
more instructions: "The second test that you do is to 
scan a list of words and to underline any that you think 
were present in the list you learned before going to sleep.
The third test will be to do 3 out of 4 problems as quickly 
as possible. The fourth test is to scan a page of letters
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and cross out all of the n's as quickly as possible.
Finally there will be two questions on how you felt 
when you woke up. Please do the tests as quickly and 
accurately as possible." The S was then given a sample 
of tasks 3, 4- and 5 to try and any problems and 
questions were answered. The S was then given the list 
of target words to read once more before going to sleep.
A continuous polygraph record was taken from 2 A.M. 
onwards and E watched the output for spontaneous awakenings 
preceded by 10 minutes of undisturbed stage 2 or REM.
After 20 continuous seconds of an arousal had occurred 
the buzzer was switched on. When the S switched the 
buzzer off, E switched the bedroom light on. It was then 
possible to check the S's performance using the T.V. monitor 
and measure the time taken over each part of the test by 
means of the stopwatch. Two trials were made in stage 
REM and two in stage 2; also 10 minutes after the S finally 
woke in the morning he completed the fifth and final trial.
Results
The reason why only 3 Ss were run was because some 
deficiencies in the design of the experiment and the tests 
of performance became apparent ; these problems were rectified 
in experiment 2 of this chapter. The small number of Ss 
meant that a properly balanced design was not achieved.
The distribution of the trials over the 4 orders is shown 
in Table 1. The results should therefore be interpreted with 
caution due to uncontrolled factors present in the data.
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Table 1. Distribution of trials in sleep stages 
REM and 2 for all 3 8s.
TRIAL ORDER
1st 2nd 3rd 4th
No. in REM 1 2 2 4
No. in 2 4 2 3 1
Since two scores were available for each stage, a non­
standard rank order technique was developed to handle the 
data. The four treatments for each S (1st REM trial, 2nd 
REM trial, 1st stage 2 trial, 2nd stage 2 trial) were 
ranked within Ss. In order to compare stage REM with 
stage 2, the ranks for the two stage REM treatments were 
added across Ss to give a value designated E R. The values 
of S R and m (the number of Ss) were substituted in the 
following formula to obtain an approximately normally 
distributed (Z) score.^
7 _ 2 R - 3m
i f
This formula is an adaptation of the general formula with 
Uyj and n^ being the size of the two groups :
2  ^ E R - m n^ n^ (n^+n^+l)
/ m n^ ' n^ (n^  + n^ + 1) 12
All tests are one tailed except for the measures of beta 
in task 2, where no prediction of the direction of any 
difference was possible.
¥£ Sc-er:
Task No. 1 Reaction time
The task required the S to reach out in the dark to 
find the switch that turned off the buzzer. The reaction 
times measured from the polygraph were considerably 
shorter than expected and consequently the measurement 
accuracy was not great enough. The means and standard 
deviations of the reaction times in seconds in stages 
REM and 2 are shown in Table 2 (Appendix 4a).
Table 2. Means and S.D. of reaction time in seconds, 
with, the significance level.
REM 2 Z P (REM vs. 2)
(N = 10) (N = 10)
Mean 2.5 3.8 1.21 0.11, one tailed
S.D. 0.66 2.7 WS (fwiccoxorA
^-3) ■ ^
The difference between stages REM and 2 was tested 
with the formula described previously, and the result 
displayed in Table 2 was not significant.
Task No. 2 Memory task
This task yielded several measures: Firstly the time 
to do the task was considered to be a performance measure. 
Secondly the responses were divided into percentage of 
target words underlined and percentage of non target words 
underlined.
These variables are analogous to the parameters of 
signal detection theory (Tanner and Swets 1934). It 
seemed appropriate to calculate values for d ' and beta 
in order to assess both the discriminability of the 
target words from the non target words and the caution 
of the S in performing the task.
The time talien to do the task and the measure of d ' 
were used as the main performance measures; while beta 
was thought to measure the way in which the S approached 
the task. Table 3 shows the mean and standard deviation 
of the scores on these three measures for stages Waking, 
REM and 2 (Appendix 4b). The Z scores and significance 
levels are also given for the comparison of stage REM 
with stage 2.
beta,, with 1significan.ce levels.
Waking REM 2 Z P (REM vs. 2)
Task time Mean 83.6 97.3 107.7 0.69 0.34, one tailed
S.D. 14.3 22.3 NS. i^V/FCoyotv^
d' Mean 0 .70 0 .94 0.76 0.0 0.30, one tailed
S.D. 0.82 0.89 0-85 %
beta Mean 1.64 1.83 1.17 0.86 0.38, two tailed
S.D. 0.76 1:03
The means for task time and d' are in the expected
direction, but not significant. The measure of beta 
indicated that the Ss were more cautious after REM sleep 
compared with stage 2, but the difference was not significant.
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Task No. 3 Reasoning task ($'££ Rfoe /6-^
The questions were deliberately made quite easy so 
that very few errors would be made. There were in fact
very few errors and this simplified the problem of
measuring performance, as the time taken to do the task 
was used. Table 4 shows the means and standard deviations 
of time taken to complete the task (Appendix 4c).
Table 4. Means and S.D. of time to complete the reasoning 
task, with the significance level.
* '     f-m. • .3 II III iTMT,,!' II ■ WI ..»■
Waking HEM 2 Z P (EEM vs. 2)
(N =5) (N = 10) (N = 10)
Mean 66.6 68.8 109*5 0.35 0.56,one tailed
S.D. 12.7 45 .7 94.1 Ki- Cwii,coxor^
The difference in the means between stages REM and 2 
was large and in the expected direction, but the Z score 
was not significant.
Task No. 4 Letter cancellation
Very few errors were made on this task, the most being 
three n's which were not marked in a total of 39 n's on one 
test. It was decided therefore that the time to do the 
task was the best performance measure to use. Table 5 
shows the means and standard deviations of the time taken 
to complete the task in stages Waking, REM and 2. (Appendix 4d)
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Table and 8.D. of the time (seconds) to complete
. the letter cancellation task, with the significance
level.
Waking EEM Stage 2 Z P (REM vs. 2)
(N =5) (N = 10) (R = 10)
Mean 152.5 189.6 199-5 1.04 0.15, one tailed
S.D. 25.8 40.6 47.4 ( ^ 0
The difference between the means for stages REM and 2 
was in the expected direction but was not significant.
Task No. 5 Mood rating
The means and standard deviations for the S's rating 
of mood on two dimensions is shown in Table 6. The maximum 
rating and therefore the largest possible mean value was 
7 and the minimum was 1 (Appendix 4e).
Table 6. Means and S.D. of ratings on 2 mood dimensions, 
with significance level.
Mood Waking 
(M = 5)
REM 
(N = 10)
Stage 2 
(N = 10)
Z P (REM vs. 2)
Sleepy Mean 2.4 3.9 4.4 0 .52 0.5 , one tailed
S.D. 0.5 1.6 1.3
Confident Mean 5.6 4.5 4.0 1.58 0.08 one tailed
S.D. 1.0 0.8 0.8
The means for both mood factors are in the direction 
we would expect, but a comparison of stage REM and 2 gave 
insignificant Z scores for both mood dimensions. The 
confident dimension however almost produced a significant 
difference between stages 2 and REM.
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Discussion
After several Ss had been run in this experiment it 
was realized that some of the tasks were not in their 
best form for distinguishing between performance after 
stages REM and 2. A more serious problem was that the 
control trial preceded by wakefulness was inappropriately 
situated at the end of the night. Serial effects such 
as practice on the task and diurnal variation would mean 
that the control trial results would not be validly 
compared with the results for stages REM and 2. To test 
Snyder's theory we are primarily concerned in testing the 
difference between performance after stages REM and 2, 
but it would be interesting to place such results in the 
context of normal performance levels. It could be that 
performance after REM would be better than stage 2, but 
both may be considerably inferior to performance preceded 
by wakefulness. Snyder's theory would lead us to expect 
performance after REM to be similar to after wakefulness 
and better than after stage 2. Due to the inadequacy of 
the control trial in this experiment, only the differences 
between stages REM and 2 will be considered.
The results must be interpreted with caution as they 
are only based on data from 5 Ss; also with this small 
number it was not possible to balance the order of the 
trials. In fact more stage 2 trials occurred at the end 
of the night and more REM trials at the beginning but 
how this distribution would affect the results is hard to say.
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The mean performance scores were in the direction of better 
performance after REM for all tasks; this was encouraging 
despite the fact that none of these differences were 
significant.
The reaction time task resulted in somewhat shorter 
reaction times in REM compared with stage 2 (p = .11); 
the times were generally short and errors due to the 
poor measurement accuracy may have affected the result.
The signal detection task means for task time and d' 
were in the expected direction but differences were small. 
Judging by the low values of d ' obtained, the task 
appeared to be too difficult; this was confirmed by 
reports from some of the Ss after the experiment.
The reasoning task resulted in a large difference in 
the means between stages REM and 2 for the time to do the 
task. The erratic nature of the scores however meant that 
this superior performance after REM was not significant 
(p = .56). These large variations may have been due to 
the small number of IQ items used (4) resulting in a 
discontinuous distribution in the time to complete the 
task. These results support the idea that complex 
integrative tasks are effective in distinguishing 
performance in REM from stage 2. The idea was proposed 
by Scott (1969) who found it to be true for stage REM 
compared with SWS.
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The letter cancellation task did not produce large 
differences in the means between stages REM and 2 but 
the scores were fairly consistent (p = .15)« Perhaps 
the difference was small because this was the last 
performance task given and consequently it was 
performed several minutes after waking.
The two mood scales indicated that the Ss were some­
what less sleepy and more confident when woken from REM 
sleep; neither result was significant (p = *3; p = .084).
The results were inconclusive but are in the direction 
we would expect from the hypothesis. It is clear that 
refinement of the tests and the use of more Ss in a 
balanced design will enable the hypothesis to be more 
effectively tested. Appropriate placement of control 
trials to test normal waking performance during the night 
will be a useful and interesting addition to future studies 
of performance after wakings from stages REM and 2.
EXPERIMENT 2
HYPOTHESIS: %)ontaneous awakenings in REM sleep will be
followed by better performance on a variety 
of tasks than spontaneous awakenings from 
stage 2.
This hypothesis is the same as that presented in 
experiment 1. As a result of the findings of experiment 1, 
several changes in the design were made for this experiment. 
More sensitive tests of performance were used and better 
placement of control trials was attempted.
i l l
Method
A similar set of tasks to experiment 1 was used to 
measure performance with some changes to improve accuracy 
and discrimination. The tests were as follows:
Task No. 1: simple reaction time as in experiment 1,
hut with improved accuracy of measurement.
Task ^  _2 : the memory task. The task was made easier
than in experiment 1 by the reduction of the number of 
non-target words in each trial. In all, 108 target words 
were used with 288 non-target words. Each test comprised 
18 target words and 48 non-target words and six tests 
were constructed instead of 5*
Task No. 5: the reasoning task was altered in the
following way; eight items from an IQ test (AH5; Heim,
1947) were selected for each trial. The items were the 
easiest ones from the test and 4 verbal and 4 spatial items 
were used. The Ss were required to do as many items as 
possible in a maximum period of 5 minutes. It was hoped 
that as the easiest items were used, errors would be few 
and the time to do the task would be the best measure of 
performance.
Task No. 4: the letter cancellation task was not altered
from experiment 1. The S was required to strike out all 
of the n's from a list of 1000 letters, as quickly as 
possible.
Task No. 5- the two mood scales were not altered from 
experiment 1.
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Each, of the Ss spent one night in the laboratory and 
six trials were conducted; two trials were after periods 
of stage 2, two trials after periods of stage REM and two 
trials preceded by wakefulness (control trials). In order 
to balance diurnal variation in performance, the trials 
preceded by wakefulness were located after the first 
spontaneous arousal and the last spontaneous arousal.
The trials were arranged so that after the first spontaneous 
arousal, the S completed the test battery and then remained 
awake until 10 minutes had elapsed since waking ; he then 
completed another test battery as a control trial preceded 
by wakefulness. After the second and third spontaneous 
arousals the S completed the test battery and then returned 
to sleep. After the fourth (and last) spontaneous arousal 
the S completed the test battery and again remained awake 
for 10 minutes in order to complete the second control 
trial preceded by wakefulness. The spontaneous arousals 
followed by double trials would probably have been more 
disruptive of sleep and it was thought best to make the 
last trial a double trial in case the S could not get back 
to sleep easily. In order to balance this, the other double 
trial was always made the first of the night. In this way 
the two trials preceded by wakefulness, straddled the time 
range of the other trials and the mean performance figures 
for the two awake trials would be suitable for comparison 
with the stage REM and 2 sleep trials.
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The stage REM and 2 sleep trials were conducted in 
a different order for each successive S, and although the 
order was to some degree determined by the occurrence of 
spontaneous awakenings, great efforts were made to produce 
a balanced design. This problem only presented itself 
with the last few Ss, as there were only certain sequences 
that were permissible at the end; the aim was to have equal 
numbers of stage REM and 2 trials in each of the four 
possible order positions. In order to maximize on the 
opportunity for performing trials, the time restrictions 
imposed in experiment 1 were relaxed somewhat. Trials were 
permitted after 2 A.M. or after the start of the second 
REM period, whichever was earlier.
The criterion for spontaneous arousal was a sleep 
disturbance with GEM and alpha activity lasting at least 
20 seconds. All trials were preceded by at least 10 minutes 
undisturbed stage 2, stage REM or wakefulness, and a minimum 
of 20 minutes was allowed between awakenings. Each S was 
paid 75p on completion of the experiment and they were 
given the (incorrect) impression that they were being paid 
more for better performance on the tasks.
Subjects
Eight Ss were invited to take part in an experiment 
on performance on waking from sleep. Subjects were aged 
between 18 and 26; none had slept in the sleep laboratory 
before.
17 4
Apparatus and Procedure
The apparatus was essentially the same as in experiment 
1 except for the inclusion of a tape recorder to measure 
more accurately the duration of the reaction time huzzer 
in task number 1. When a trial was likely to occur, the 
tape recorder was switched on to measure the reaction time.
The procedure was also the same as in experiment 1 
except that the S was given the additional instructions:
"On the first and fourth times that you wake up, I will 
want you to do two sets of tests. When you have finished 
the first set, wait for the buzzer to go; this will signal
you to start the second set of tests. Do the tests as
quickly as possible as your performance will determine 
how much you get paid in the morning. " The first and 
last trials were double ones; when the S finished the 
tests E waited until the S had been awake for 10 minutes 
and then sounded the buzzer once again to start the S on
the next set of tests. On the second and third spontaneous
wakings, the light was turned off when the S finished the 
first set of tests.
Results
The trials following stages 2 and REM were successfully 
arranged to occur in a balanced design. The distribution 
of sleep stages over the trials is shown in Table 7*
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Table 7» Distribution of trials.
Waking 1 Waking 2 Waking 5 Waking 4 
Trial Number 1 2  5 4 5 6
No. REM trials 4 0 4 4 4 0
No. stage 2 trials 4 0 4 4 4 0
No- Waking trials 0 8 0 0 0 8
Two scores for each sleep stage were obtained for 
each S and the results were analyzed using the formula 
introduced in experiment 1.
Task No. 1 Reaction time
For trials after stages REM and 2, the S performed this 
task in the dark but in control trials when the S was awake, 
the light was on and so the reaction times on control trials 
might be expected to be somewhat shorter. The means and 
standard deviations of the reaction times in seconds in
stages REM and 2 are shown in Table 8. (Appendix 5a)
Table 8. Means and S.D. of reaction time in seconds, 
with the significance level.
REM 2 Z P (REM vs. 2)
(N=16) (N=16)
Mean ' 4.2 5-3 2.53 < 0.01 one tailed
S.D. 4. 3 6.0
The difference between stages REM and 2 yielded a 
significant Z score in the expected direction.
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Task No. 2 Memory task
The time taken to do the task, together with the 
measure of d ' , were taken as performance measures while 
beta was thought to measure the S's approach to the task. 
The performance of one S on this task was very poor; his 
measures of d ' and beta were usually zero and were 
therefore excluded from the data. Table 9 shows the 
means and standard deviations of the scores on these 
three measures for stages Waking, REM and 2. (Appendix 5b)
Table 9- Means and S.D. of task time (sec.), d ', 
and beta; with significance level.
W REM
Task time Mean(N=15) 76.1 86.7 92.0 0.69
(secs.) 
d'
beta
S.D.
Mean(N=14) 
S. D.
Mean(N=14)
S.D.
13.5
1.17
0.56
2.10
0.89
18.3 29.5
0.89 0 .95 0 .15  
0-65 0.53
1 .45 1.73 0.44 
0.76 1.00
P (REM vs. 2)
NS, one tailed 
5.
NS, one tailed
(Vi,
NS, two tailed
The scores for stages REM and 2 were compared. Por 
task time, a non-significant Z score was obtained. The 
means were in the expected direction with the mean time 
in REM midway between the means for Waking and 2. The 
d ' Z score was similarly not significant. There was 
very little variation in the means for stages Waking,
REM and 2. The Z score for beta was again non-signifieant.
The means indicated that Ss were slightly more cautious in 
Waking trials and least cautious about the task in REM trials.
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Task No. 5 Reasoning task
Most of the Ss did as many of the eight questions as 
they could in the 5 minute time limit; only 11 out of the 
total 48 trials were not completed inside the time limit. 
Table 10 shows the means and standard deviations of the 
time taken to do the task (in seconds), also the number 
of questions correct, and the number of questions incorrect 
in stages Waking, REM and 2. (Appendix 5c)
Table 10. Means and S.D. of task time, number of questions 
correct and number incorrect, with significance 
level.
Waking REM 2 Z
Task time Mean(N=16) 244 217 252 2.06
S.D. 48.5 61.7
r.cf
50.9
No. questions 
correct Mean(N=16) 4.25 4.25 4 .50 0.14
S.D. 1.50 1.68
T% 11
1 • 57 (Nz 6j)
No. questions 
incorrect Mean(N=16) 2-75 2.6 2 .4 0.41
S.D. 1.50 1.54
P (REM vs. 2)
:.025 one
tailed
tailed
NS two
tailed
NS
Stage REM was compared with stage 2 on the three variables 
Por task time the Z score was significant and in the expected 
direction. Por the number of questions correct and the 
number incorrect neither of the differences between stage 
REM and 2 were significant.
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Task No. 4 Letter cancellation
The means and standard deviations for the time taken 
to do the letter cancellation task in stages Waking, REM 
and 2 is shown in Table 11. (Appendix 5d)
Table 11. Means and S.D. of letter cancellation time in 
seconds, with the significance level.
Waking REM 2 Z P (REM vs. 2) 
Mean (N=16) 164-7 176-5 175-4 0.14 NS, one tailed
S.D. 31.5 39.5 27.2 N,;.
The difference between stages REM and 2 resulted in a Z 
score which was not in the expected direction, nor was 
it significant.
Task No. 5 Mood rating
The means and standard deviations for the S's rating 
of mood on.two dimensions is shown below in Table 12. The 
maximum rating was 7 and the minimum was 1. (Appendix 5a)
Table 12. Means and S.D. of ratings on 2 mood dimensions, 
with significance level.
Z P (REM vs. 2) 
4.1 0 .55 NS, one tailed
^  (fw/6CO><3fV J
4.9 0.85 NS, one tailed 
T-.yç
Waking REM 2
Sleepy Mean (N=16) 5 .2 4 .5
S.D. 1.1 1 .5 1 .5
Calm Mean (N=16) 4 .9 5 .7 .
S.D. 0.8 0 .9 1.0
The direction of the means indicates that the Ss were 
more calm on REM trials compared with stage 2. The Z scores 
obtained from a comparison of stage REM with stage 2 were 
not statistically significant.
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Discussion
Two factors are probably important in determining 
whether a task is sensitive to difference in performance 
between wakings after stages REM and 2. Firstly, sleep 
stage effects on performance probably last for only a 
short period after waking. Webb and Agnew (1969) found 
recovery complete by one minute after waking from stage 
4 sleep in the afternoon, but Wilkinson and Stretton 
(1971) found impairment lasting up to 12 minutes on 
waking from sleep at night. It is at present uncertain 
how quickly any impairment due to preceding sleep might 
dissipate on waking, but it is fairly certain that tasks 
immediately following av/akening will be more sensitive 
to sleep stage effects than tasks occurring several 
minutes after awakening. A second factor which might 
eventually explain the different rates of recovery of 
task performance after waking is task complexity.
Scott (1969) has shown that greatest difference in 
performance between wakings from stages REM and SWS was 
measured by complex integrative tasks. This suggests 
that the complexity of a task might determine its 
sensitivity to differences in performance between stages 
REM and 2.
The five tasks studied in experiment 2 will be discussed 
in relation to various factors which might have contributed 
to the results. The reaction time task resulted in better 
performance for the REM awakenings than stage 2 awakenings 
and the difference was very significant (p < .01). <'0i^
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The results of experiment 1 were also in the same direction, 
hut non-significant. No comparison between sleep trials 
and control trials was possible however because the Ss 
were sitting up in bed with the light on for the start 
of control trials. The task was very simple to perform, 
and it is probable that its success in distinguishing 
between stages REM and 2 was due to its proximity to 
waking.
The memory task did not show any significant differences 
between stages REM and 2. In both experiment 1 and the 
present one the task time was in the expected direction, 
the mean time for REM trials being between control and 
stage 2 trials. Measures of d' and beta did not show any 
significant differences between stages REM and 2. The 
lack of any significant differences could be due to the 
task being the wrong type. It was essentially a memory 
task and it was not complex or integrative, although it 
was performed soon after waking. We can only conclude 
that this type of memory task is insensitive to stage 
differences or stage effects generally. This interpretation 
is supported by the similarity of control trial means to 
the sleep trial means.
The reasoning task was successful in distinguishing 
performance in stage REM from stage 2. The result was in 
the expected'direction with task time significantly less 
in REM wakings than stage 2 wakings (p < .025). In experiment 
1, this type of task resulted in a large but insignificant
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difference in the mean task time between stages REM and 2: 
the performance in REM being better than stage 2 and 
similar to the control trial levels- In this experiment 
however, it is surprising to see that both control trial 
and stage 2 trial performance are inferior to stage REM 
performance. Performance following sleep is almost 
invariably inferior to control trials preceded by 
wakefulness. The superior performance following REM 
compared with performance after control trials is an 
extremely interesting finding. - 
idea-that
-awakening. The number of correct answers however, was 
slightly but not significantly higher^in stage 2 wakings, 
and this slightly offsets the significance of the results 
that performance after REM is faster than after stage 2.
The present data show that this type of reasoning task is 
performed best immediately after REM and worse after stage 
2 wakings and control trials during the night. The task 
was performed from l-g to 6^ minutes after waking which 
seems to show that for complex integrative tasks, sleep 
stage differences exist for several minutes after waking.
The letter cancellation task, a simple visual scanning 
task, produced small differences between trials in both the 
previous experiment and this one. The lack of complexity 
and its unfavourable placement in the sequence of tasks 
probably contributed to its lack of discriminatory power 
between sleep stages.
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The mood rating task was placed last in the sequence 
of tests because the performance tests were considered to 
have priority. It may have been difficult for the Ss to 
remember exactly how they felt on waking, being as eight 
minutes had elapsed before they submitted their ratings; 
this could be a contributing factor to the lack of 
significant differences in either scale between stages 
REM and 2. It is interesting to note that Ss felt on 
average less sleepy but less calm on control trials 
compared with REM trials, and yet they performed somewhat 
better on the reasoning task after REM compared with control 
trials. This suggests that feeling sleepy may not be 
associated with poor performance on certain types of tasks.
%)ontaneous awakenings in the present experiment were 
thought to provide a more appropriate test of the activating 
function of REM sleep and it is perhaps this factor that 
produced significant differences in performance between 
stages REM and 2. If Snyder's arguments are correct, the 
enhanced performance expected to result from the REM sleep 
would only make its appearance at the sentinel awakening 
at the end of the REM period. In using spontaneous 
awakenings as trials for performance testing, the criterion 
selected to indicate awakening is rather important as it 
might have produced stage differences in performance on 
its own. The signalled arousal criterion used in chapter 
4 was not appropriate as this criterion is based on a certain 
type of performance after awakening. If it were used, we
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would be discarding trials where the degree of alertness 
fell below the level necessary for making a signalled 
arousal. î'/hat is required is a criterion for detecting 
awakenings that does not rely on a performance test.
The performance tests come after the selection of the 
waking as a usable trial.
The criterion of 20 seconds of sleep disturbance 
comprising GBM and alpha activity is likely to represent 
a real awakening, as consideration of Graphs 1 and 2 in 
chapter 4 shows that very few non-alert (unsignalled) 
arousals last longer than 20 seconds. It is still possible 
that the criterion could have been selecting different 
types of arousal from stages EEM and 2, but in the 
circumstances it was hard to improve on the present 
criterion or to find a better one.
The results show that performance after spontaneous 
awakenings from stage EEM is superior to awakenings from 
stage 2 on reaction time^and^easoning tasks <aniy. 
Proximity to the arousal and complexity of the task are 
probably two factors that result in superior task 
performance after EEM compared with stage 2. The results 
support the hypothesis that spontaneous awakenings in HEM 
will be followed by better performance on tasks than 
spontaneous awakenings from stage 2. The superi-e-r-
aettvating function of EEM proposed-by- ^Dyder—(49669^
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Many tasks however were unable to distinguish 
performance after stage EEM from stage 2. This suggests 
that differences in performance after stages EEM and 2 
are often small and/or subtle. Stage 2 was chosen as a 
comparison with stage EEM in this experiment in order to 
provide the most stringent test of Snyder's premise that 
EEM provides pre-awakening activation. There seems little 
point in having a EEM period following a period of stage 
2 sleep, if there is little difference in performance 
between these two types of sleep.
Most mammals other than man have no stage 2 sleep; 
their NEEM sleep is mainly composed of stages 3 and 4- 
It could be that the activating function of EEM becomes 
much more useful and appropriate in sleep cycles 
containing stages 5 and 4. Such cycles would probably 
produce considerable performance deficit on waking, 
unless a EEM period occurred to restore performance.
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CHAPTER 7 THE EEEECT OF PRECEDING SLEEP STAGE ON 
PERFORMANCE AFTER FORCED AWAKENING FROM 
SLEEP
Introduction
The study of performance after waking from different 
stages of sleep has received little attention. Several 
experiments pertaining to this topic are discussed in 
detail at the beginning of chapter 5 and there followed 
a comparison of performance after spontaneous walkings 
from stages HEM and 2. Any variations in performance 
due to time of night or elapsed sleep time were balanced 
by careful arrangement of the order of the trials. There 
is much evidence (Kleitman & Jackson, 1950; Kleitman & 
Schneider, 1951) that time of night effect (TONE) can 
result in changes in performance that are as large or 
possibly greater than the effect of preceding sleep stage.
Human sleep stages are unevenly distributed across the 
sleep period; SWS predominates early in the night, with REM 
later in the night. This makes it very difficult to 
adequately control for TONE or elapsed sleep time when 
studying performance after different stages of sleep. 
Hartman and Langdon (1961; 1965) and Seminar a and Shave Ison 
(1969) attempted to measure the effect of preceding sleep 
on a number of performance tasks. They performed trials 
at different times during the night and concluded that the 
differences in performance were due to preceding sleep.
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An equally plausible explanation is that the results 
could have been due to a TONE.
Wilkinson and Stretton (1971) found that reaction 
time was worse early in the night but motor coordination 
and adding were performed worse late in the night. They 
speculated that the former result was due to preceding 
SWS (although no EEG recording were made) and the latter 
tasks were more affected by the trough in the circadian 
cycle late in the night. Clearly it would be worthwhile 
trying to determine if their explanation is correct.
Several studies report significant differences in 
performance on wakings from REM and stages 3 and 4-, but 
they do not report on when the trials were made during 
the night (Scott, 1969; Scott & Snyder, 1968; Eetlin & 
Broughton, 1968). It is of interest to know how much 
of their data could have been accounted for by a TONE.
Most researchers conclude that the poor performance 
following SWS is due to some deleterious effect on SWS. 
Indeed the homeostatic theories on the function of REM 
are based on the assumption that some deterioration of 
brain function takes place in SWS. Soyder's theory of 
the function of REM is also based on the assumption that 
wakings from SWS are followed by poor performance.
The purpose of the present experiment was to measure 
performance on a variety of tasks after waking from REM 
sleep and SWS. An attempt was made to measure these sleep 
stage differences while avoiding contamination by TONE,
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and to assess the size of any TONE present. The 
following two hypotheses were tested:
HYPOTHESIS 1 : Performance after waking from EEM sleep
will be superior to performance after 
waking from SWS.
HYPOTHESIS 2: Performance after wakings early in the
night will be significantly different from 
performance after trials later in the night.
Method
A battery of tests was assembled in order to test 
performance after waking from different sleep stages and 
at different times during the night. The tests were as 
follows:
Task No. 1 : awakening latency; a light and a buzzer were
switched on to wake the S. The time was measured from the 
onset of the stimulus until the S pressed a switch to turn 
off the buzzer.
Task No. 2: grip strength; the strength of grip of the
left hand was measured with a hand dynamometer.
Task No. 5: wire-threading task; the S was required to
thread a metal ring along a twisting wire, as quickly as 
possible without touching the wire. The S was required to 
use the left hand ; the time to complete the task and the 
amount of error time were measured.
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a maze test; the S was required to trace a 
path out of a Port eus maze (Porteus, 1933) printed on a
sheet of paper, as quickly as possible.
Task No. 5: IQ items; the S was required to answer any
four out of eight simple IQ items (Eysenck, 1962), as
quickly as possible.
Task No. 6: two bipolar mood scales ; the S rated himself
on a 7-point scale for the following two dimensions:
(a) alert, lively, wide-awake ---------  sleepy, drowsy, tired.
(b) fearful, jittery, insecure--------- confident, calm, care­
free.
Task No. 7: short term memory; a list of 12, 6-letter
words were played to the S at intervals of second. 
After the list had been presented, the S was instructed 
to write down as many of the words as he could remember.
Two trials were made with each S on a single night, 
one in stage REM and one in SWS (stages 3 or 4). Por 
successive Ss the order of the trials was reversed and a 
minimum period of 2 hours was allowed between trials.
The first trial was conducted between 1.00 A.M. and 3.00 A.M. 
and the second trial from 5-00 A.M. to 3*00 A.M.
The Ss were allowed to sleep for an hour before any 
trials were made. Each trial was preceded by at least 10 
minutes of the relevant sleep stage ; this was to ensure 
that the trials were representative of the sleep stage of 
their origin. In order that the results might be comparable 
with those presented in chapter 6, each S spent only one
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night in the laboratory. The Ss received one complete 
practice trial on the battery of tests before going to 
sleep.
Subjects
Ten subjects were invited to take part in the experiment
(4 male, 6 female). They were aged between 21 and 56 years
and had not slept in the laboratory before. They were each 
paid £1 for taking part in the experiment.
Apparatus
Conventional EEG, EOG and EMG recordings were made as 
described in chapter 5- E did not enter the bedroom during 
the performance test so that the S would be minimally 
disturbed; S's performance was monitored using closed 
circuit television. Illumination was supplied by a bed­
side lamp which was switched on by E at the stimulus onset 
for task 1 and remained on for the duration of the tasks.
For Task No. 1, a Venner electronic timer was used to
measure the time taken for the S to turn off the buzzer.
A small hand dynamometer was used to measure Task No. 2; 
the dynamometer was of a type that retained the maximum 
indicated force. The wire-threading task apparatus was a 
rigidly mounted twisted wire. A loop with an attached 
handle encircled the wire. Accurate eye-hand coordination 
was necessary to move the loop from one end of the wire 
to the other without touching the wire. The amount of
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error time (when the loop was touching the wire) was 
electronically accumulated on a chronotron and the 
total time taken to do the task was measured on a 
stopwatch. The memory items for Task No. 7 were 
recorded on tape and played in the bedroom via an 
extension loudspeaker near the S's bed.
Procedure
The Ss reported to the laboratory two hours before 
their normal bedtime and were asked to get ready for bed. 
The EEG, EOG and EMG electrodes were then applied as 
described in chapter 3- The Ss then went to bed and the 
following instructions were given:
"You will be woken twice during the night to do some tests. 
A buzzer will sound and the light will be turned on; as 
soon as you wake, press this switch for a couple of seconds. 
Immediately after you have pressed the switch, squeeze this 
device (hand dynamometer) as hard as you are able, with 
your left hand."
"The next task is to thread the loop along the wire using 
your left hand only. Try to touch the wire as little as 
possible with the loop and do the task as quickly as you 
can. I want you to move the loop from one end to the other 
and then back again."
"The next three tasks are on paper. On the first sheet 
you will find a maze. I want you to trace your way out of 
the maze as quickly as possible, with a pencil, starting 
from the centre. On the next sheet, you will find 8 simple
problems. I want you to solve any four out of the 8, 
in as short a time as possible. On the third sheet, 
there are two mood dimensions; please circle a number 
from 1-7 to represent how you felt when you woke."
"The final test will be to listen to a list of 12 words. 
When the list has ended write down as many of the words 
as you can remember."
A complete practice trial was then performed and the 
S was prompted if and when necessary. Any points that 
were not clear to the 8 were explained, and the S then 
went to sleep. A continuous polygraph record was taken 
from sleep onset until the time criteria for the trials 
had been met. The light and buzzer were then switched 
on to wake the S and to commence testing.
Results
In half of the Ss, the RHI trial preceded the SWS 
trial and the order was reversed for the other half.
The results of pairs of Ss were considered to form five 
2 x 2  latin squares with 4 types of trial:
Sequence 1 : REM Early - SWS Late
Sequence 2: SWS Eanly - REM Late
The results were analyzed by analysis of variance (Edwards
I960; a repeated 2 x 2  latin square design, P 271). In
this analysis the sequence mean square corresponds to the 
sleep stage by TONE interaction effect.
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Task No. 1. Awakening latency
In Table 1, the means of the awakening latency are 
shown under the four experimental conditions (Appendix 6a).
The analysis was performed on the logarithms of the raw 
scores to normalize the distribution. Table 2 shows the 
summary of the analysis.
Table 1. Means (seconds) of awakening latency under 
four experimental conditions.
REM sws Mean
Early 3.80 9.54 6.67
Late 6.14 8.38 7-36
Mean 4.97 9.06
Table 2. Analysis summary of awakening latency (log secs)
SOURCE SS u MS E U1U2 P
Between Subjects
Sequence .0797 1 .0797 1.70 1,4 NS
Latin Square .3837 4 .0939 2.04 4,4 ITS
Ss Within Sequence .1881 4 .0470
Within Subjects
REM vs. SWS .2070 1 .2070 5.95 1,8 < 0 .03
Early vs. Late .0213 1 .0213 < 1 1,8 ITS
Error .2783 8 .0348
Total 1.1383 19
The difference between REM and SWS was in the expected
direction and significant, while no TOEE, sequence or Latin 
square effects were apparent.
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Task No. 2 Grip strength
In Table 3, the means of the grip strength are shown 
under the four experimental conditions (Appendix 6b).
Table 4 shows the summary of the analysis.
Table 3» Means (pounds) of grip strength under four 
experimental conditions.
REM SWS MEAE
Early 75.4 67.2 71.5
Late 55.2 72.2 63.7
Mean 65.5 69.7
Table 4. Analysis summary of grip strength.
SOURCE SS u MS F "1^2 P
Between Subjects
Sequence 795.8 1 795.8 2.35 1,4 NS
Latin Square 1949.5 4 487.4 1.43 4,4 ES
Ss Within Sequence1365«7 4 341.4
Within Subjects
REM vs. SWS 96.8 1 96.8 2.74 1,8 ES
Early vs. Late 288.8 1 288.8 8.18 1,8 < 0.01
Error 282.4 8 55.5
Total 4777.0 19
Grip strength was not significantly affected by sleep 
stage and the result is not in the expected direction. 
There was a significant TORE; grip strength was higher 
early in the night. Eo significant sequence or latin 
square effects were present.
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Task No. 3 Wire-threading task
In Table 3, the means of task time (Appendix 6c) 
and error time (Appendix 6d) under four experimental 
conditions are shown. Tables 6 and 7 are the analysis 
summaries of these results.
Table 3» Means (seconds) of task time and error time 
under four experimental conditions, for the
wire--threading task.
REM SWS Mean
Task Early 7 0 .4 48.8 59.6
Time Late 40.4 72.6 56.3
Mean 5 5 .4 6O.7
Early 4 .3 2 3.82 4 .07
Error Late 2 .90 4.48 5.69
Time Mean 3.6I 4 .13
Table 6. Analysis summary of task time for Task No. 3»
SOURCE SS u MS E F
Between Subjects
Sequence 3618 1 3618 2.35 1,4 NS
Latin Square 3165 4 791-5 < 1 4,4 NS
Ss Within Sequence 6171 4 1542.8
Within Subjects
REM vs. SWS 140.3 1 140.3 10.41 1,8 <0.023
Early vs. Late 48.1 1 48.1 3.56 1,8 NS
Error 1079 8 13-5
Total 13251 19
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SOURCE SS u MS E "l"2 P
Between Subjects
Sequence 3-40 1 3.40 < 1 1,4 NS
Latin Square 10.02 4 2.30 < 1 4,4 NS
Ss Within Sequence 68.74 4 17.18
Within Subjects
REM vs. SWS 1.43 1 1.43 1.57 1,8 NS
Early vs. Late 0.71 1 0.71 < 1 1,8 NS
Error 7 .59 8 0 .92
Total 95.70 19
There was a large and significant difference between 
the two types of sleep in the task time, which was in the 
expected direction. The early trials produced a larger 
mean task time than later trials but the E ratio was not 
significant. A t-value was computed (t = Ve ) for the 
Early vs. Late comparison which was almost significant 
(t = 1.89, E < 0.1, two-tailed). No sequence or latin 
square effects were present.
Task No. 4 Maze task
Table 8 shows the mean time to complete the maze test 
under four experimental conditions (Appendix 6e).
Table 9 is a summary of the analysis of these results.
Table 8. Means of time (seconds) to complete the maze 
task under four experimental conditions.
REM SWS Mean
Early 79.6 114.0 96.8
Late 96.0 129.8 112.9
Mean 87.8 121.9
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9. Ana^sis_^8umnai% of task time to compj^ ete jaa^ _e
SOURCE 8S u MS E U1U2 P
Between Subjects
Sequence 0.90 1 0 .90 < 1 1,4 NS
Latin Square 4048.8 4 1012.2 < 1 4,4 NS
Ss Within Sequence
4117.9 4 1029.3
Within Subjects
REM vs. SWS 3814.3 1 3814-3 3-40 1,8 < 0.
Early vs. Late 1296-3 1 1296-3 1.20 1,8 NS
Error 8616-3 8 1077.1
Total 23893 19
The only significant difference was the shorter task 
time on REM trials compared with SWS trials. This was in 
the expected direction.
Task No. 3 IQ items
Table 10 shows the means of the time to complete four 
out of the eight IQ items under the four experimental 
conditions (Appendix 6f). Table 11 is a summary of the 
analysis of these results.
Table 10. Means of time (seconds) to complete 4 IQ items 
under four experimental conditions
REM SVfS Mean
Early 130.6 142.4 156.3
Late 139.6 92 .6 126.1
Mean 143.1 117.3
19?
Table 11. Analysis summary of time to complete IQ, items
SOURCE j&S u EG E u^Ug P
Between Subjects
Sequence 7762.6 1 7762.6 1.$2 1,4 NS
Latin Square 47504.0 4 11826 2.00 4,4 NS
Ss Within Sequence 23389.4 4 3897*4
Within Subjects
BEM vs. SWS 1 3809.6 2.33 1,8 IKS
Early vs. Late 341.6 1 341.6 < 1  1,8 NS
Error 11941.8 8 1492.7
Total 94949 19
There were no TONE or sleep stage effects present. 
The means for the two types of sleep were in fact in 
the opposite direction to the one expected.
Task No. 6 Mood scales
Table 12 shows the means of the Ss’ mood evaluations 
on two scales. A high score denotes sleepy, drowsy and 
tired on scale (a) and a low score denotes alert, lively, 
wide-awake. On scale (b) a high score denotes calm, 
confident, carefree and a low score - fearful, jittery, 
insecure (Appendix 6g). Tables 13 and 14 are summaries 
of the analyses of the results for scale (a) and (b) 
respectively.
Table 12. Means of mood ratings on two dimensions under 
four experimental conditions
REM SWS Mean
Early 6.0 6.0 6.0
Sleepy Late 4 . 4 3.8 3.1
Mean 3.2 3.9
Early 4.4 3.0 3-7
Calm Late 3.8 3.0 3 .4
Mean 3.1 4.0
Table 1$. Analysis summary of mood ratings on
SOURCE
•
SS u MS E u
Between Subjects
Sequence 2.43 1 2.43
Latin Square 2/70 4 0.673
Ss Within Sequence 8.30 4 2.073
Within Subjects
REM vs. SWS 2.43 1 2.43
Early vs. Late 4 .03 1 4 .03
Error 3.00 8 0.63
Total 24.93 19
1.18
< 1
5.92
6.48
1^2
1.4
4.4
1,8
1,8
NS
NS
NS
< 0 .03
The Ss were significantly more dleepy early in the 
night compared with later. The Ss were on average, more 
sleepy when woken from SWS but this result did not attain 
significance. A t-value for this comparison was almost 
significant (t = 1.98, p < 0.1, two tailed).
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Table 14. Analysis3 summary of mood ra"
(b): calm
SOURCE 88 u MS
Between Subjects
Sequence 0 .43 1 0 .43
Latin Square 8 .70 4 2.173
Ss Within Sequence 11.30 4 2.823
Within Subjects
REM vs. SWS 6.03 1 6 .03
Early vs. Late 14.43 1 14.43
Error 8.00 8 1.00
Total 48.93 19
F u^U2
< 1 1,4 N8
< 1 4,4 N8
6.03 1,8 < 0.03
14.43 1,8 < 0.01
It seems that Ss were significantly more calm after 
both REM sleep awakenings and later in the night.
Task No. 7 Short term memory
Table 13 shows the means of the number of items 
recalled on Task 7 under four experimental conditions 
(Appendix 5h). Table 16 is a summary of an analysis 
of these results.
Table 13. Means of items recalled on the memory task 
under four experimental conditions
REM SWS Mean
Early 3 .6 6.2 3 .9
Late 6 .4 6.2 6 .3
Mean 6.0 6.2
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Table 16. Analysis summary of the memory task
    — "  • ' —  — — ^  — —  ■ ■ - —  — I —  I - II, ,  II -
SOURCE SS u MS F "l"2 P
Between Subjects
Sequence 0.80 1 0.80 < 1 1,4 NS
Latin Square 1.30 4 0.325 < 1 4,4 NS
Ss Within Sequence 8 .70 4 2.175
Within Subjects
REM vs. SWS 0.20 1 0.20 < 1 1,8 NS
Early vs. Late 0.80 1 0.80 < 1 1,8 NS
Error 10.00 8 1 .25
Total 21.80 19
Neither sleep stage nor TONE effects were evident 
in this data on short term memory.
In no case was there any significant sequence or 
latin square effect. The tasks which were sensitive to 
sleep stage effects and time of night effects are 
summarized in Table 17-
Table 17- Significance levels of tasks which are
-4.  • 1.1». i.Ki imifiiw I I  m, .  #11 i » i #» i n wn — iw>—<»■»«'»' » —■■■ i wim ■ ■ i T - n  - « , ■ ««n mi
sensitive to sleep stage effects and TONE
TASK SLEEP STAGE TIME OP NIGHT
EEPEGTS EFFECTS
Awakening Latency < 0.05 * NS
Grip Strength NS < 0.01
Wire Threading Time < 0.025 * <0.1
Wire Threading Error NS NS
Maze < 0.05 * NS
IQ items NS NS
Mood-sleepy < 0.1 * < 0.05
Mood-calm < 0.05 * < 0.01
Short term memory NS NS
* = differences in expected direction
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Discussion
The results indicated that several tasks were 
performed better after waking from REM sleep compared 
with wakings from SWS. These differences were significant 
for the wire-threading task (5) and the maze task (4).
Ss also felt significantly calmer after waking from REM. 
Awakening latency (Task No. 1) was less after REM compared 
with SWS, but the difference was only significant when a 
one tailed t-value was calculated. These results are 
generally in agreement with those of Scott, (1969),
Scott and Snyder (1968) and Eetlin and Broughton (1968) 
who also found superior performance after REM compared 
with SWS.
The differences found in this experiment between REM 
and SWS wakings support hypothesis 1, but they are not as 
marked as we might have expected (even when the differences 
are significant). It is indeed surprising that the 
difference in awakening latency after REM sleep compared 
with SWS is not greater. In chapter 5 differences of 
similar magnitude in awakening latency were found between 
stages REM and 2. The ratio of awakening latency in REM 
sleep to stage 2 sleep was 0.582 and in the present 
eDcperiment the ratio of awakening latency in REM sleep 
to SWS was 0.530.
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When the Ss were woken from SWS they did not seem 
to present the usually reported picture of confusion and 
disorientation (Broughton, 1968). The reason for the 
moderate difference between REM and SWS may be that the 
Ss were less deeply asleep than the presence of slow 
wave EEG would suggest. Depth of sleep is not a simple 
variable that can easily be related to the electro- 
physiological parameters of sleep. Only two trials were 
made, and they both were completed within a few hours 
of the S's first sleep in the laboratory. Perhaps these 
conditions interacted with the effect of SWS to produce 
less impairment after SWS than if the Ss had spent 
several previous nights in the laboratory.
An alternative and perhaps more likely explanation of 
these moderate differences between performance after stage 
REM and SWS is that performance after early night REM sleep 
is worse than after late night REM sleep. On half of the 
nights, the REM trial preceded the SWS trial; therefore 
the first REM period of the night had to be used for the 
REM trial. This was because very little SWS was available 
after the second REM period. This alternation of the order 
of the trials ensured a fair comparison of the effect of 
REM and SWS, by balancing any sequence effects or TONES.
We can conclude that on the first night in the 
laboratory, performance following REM sleep is superior 
to performance after SWS but the differences are not as 
large or consistent as earlier work has led us to believe.
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There was evidence for a significant difference between 
early and late trials in some of the tasks.
The grip strength task (2) and both mood dimensions 
significantly distinguished early trials from late trials. 
Grip strength was higher early in the night and the Ss 
felt more sleepy but less calm early in the night compared 
with later trials. The wire-threading task came close 
to distinguishing early trials from late trials. No 
prediction was made concerning the direction of the 
difference on this task and so the two tailed probability 
was not quite significant (0.05 < P < 0.1).
Two factors contribute to these differences in 
performance between early and late trials. There are 
differences due to TOTTE which are combined with practice 
effects on the Tasks. The directions of the differences 
between early and late trials on the awakening latency, 
grip strength and maze tasks are in the opposite direction 
that would result from a practice effect but only the grip 
strength task was significant. The remaining tasks were 
in the direction we would expect from a practice effect 
but only the wire-threading task and the two mood scales 
produced significant differences.
The inconsistent difference in the means for early 
and late trials indicate that practice effects are not 
large. For the tasks where the mean difference is in the 
opposite direction to a practice effect it would be
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reasonable to attribute the difference to a TONE. The 
drop in grip strength is the only one that fits this 
criterion and is significant.
Further evidence for a variation in performance 
across the night comes from the comparison of REM with 
SWS. It is probable that early night REM sleep is 
followed by poorer performance than late night REM 
sleep. In this study the differences between 
performance after REM and SWS do not seem large enough 
to justify a complex activation process (in REM sleep) 
to offset the maladaptive effects of SWS. The absence 
of very large differences between REM and SWS is largely 
attributable to careful control of practice, sequence 
and TONES, which emphasizes their relevance for studies 
of the effect of different sleep stages on performance.
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CHAPTER 8 GETIEHAl DISCUSSION
In the previous chapters, several experiments were 
performed to test some aspects of Snyder's (1956) 
evolutionary theory of dreaming. Snyder proposed that 
extended sleep could he profitably explained in terms of 
its adaptive significance. He suggested that energy 
conservation seemed to be one of the main advantages of 
sleep in the early mammals but admitted that it could 
perform other functions. Vigilance needs during extended 
sleep are satisfied by wakings at the end of periods of 
REM sleep. The function of the REM period is to provide 
internal activation necessary to produce full activation 
on waking; this is necessitated by certain unspecified 
maladaptive changes that occur in NREM sleep. From his 
study of the sleep of different species, Sryder concluded 
that there was an inverse relationship between REM sleep 
and time spent awake. In the presence of danger REM sleep 
would give way to wakefulness for the purpose of vigilance.
In chapter 4, vigilance awakenings in human sleep were 
investigated. The rate of these wakings was highest in REM 
sleep but they were found to occur in all sleep stages.
There were in fact more actual wakings in the NREM sleep 
stages. These findings give some support to the model 
proposed by Snyder but some explanation for the wakings in 
HREM sleep must be found. One possible reason is that the 
criterion for sentinel awakenings was too sensitive and 
may have been detecting partial arousals from NREM sleep.
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The low mean rate of awalcenings (4.8 per S per night) 
argues against this view as any fewer would mean that 
vigilance wakings would occur rarely during the sleep 
period.
A great majority of the awakenings in NREM sleep 
occurred in stage 2 rather than stages 3 and 4. As 
stage 2 is characteristically a human state rarely 
found in mammals outside the primate group, it may be 
that the findings of human sleep can not be generalized 
to other mammals. Snyder developed his theory from his 
studies of mammals other than primates and in such 
animals there may well exist a sharper distinction 
between the rate of awakening in REM and NREM sleep.
It would be more accurate to say that wakings during 
the sleep period in humans occur in all stages of sleep 
but the rate of awakening is higher in REM sleep than 
any other stage.
Considerable evidence was found for a repeated cycle 
of NREM sleep followed by REM sleep in turn followed by 
an awakening. It was found that 67% of signalled 
awakenings in REPÏ sleep terminated segments of REM sleep 
whereas no signalled awakenings terminated periods of 
NREM sleep. This supports Snyder's suggestion that 
sentinel awakenings occur at the end of REM sleep periods 
but it must not be forgotten that they occur at other 
times as well.
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The relationship between time spent awake in the 
sleep period and the amount of REM sleep was carefully 
investigated in order to test Snyder's suggestion that 
these two variables were inversely related. Increased 
time spent awake within nights was found to be inversely 
correlated with both the amounts of REM and NREM sleep.
Such a finding only indicates that shorter sleep periods 
have more interspersed wakefulness. It is not very good 
evidence for a causal relationship between REM sleep and 
wakefulness.
Snyder suggested that REM sleep gave way to wakefulness 
when danger threatened; hence we would expect the amount 
of wakefulness in and adjacent to the period of REM sleep 
to be most closely related to the amount of REM sleep.
This possibility was examined and time spent awake in REM 
sleep was found to be unrelated to both the amount of REM 
sleep and the amount of ITREM sleep. Furthermore the REM 
periods that contained awakenings were longer than the ones 
without awakenings. If as Snyder suggested, REM sleep 
gives way to wakefulness when the need for vigilance 
arises, then we would expect the REM periods with 
awakenings to be shorter than those without. These 
results clearly do not support Snyder's ideas; it seems 
that REM sleep is independent of wakefulness occurring 
within it, and is not shortened by wakings within it.
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One troublesome anomaly disappears in the light of 
the above findings. Snyder suggests that REM sleep 
provides the activation necessary for an alert awakening, 
and the presence of danger shortens the REM period in 
favour of wakefulness. It follows that the presence of 
danger will result in wakings being preceded by less REM 
sleep. Hence when REM is most needed to produce an alert 
awakening, it ought to be reduced. The results indicate 
that this is not so; REM periods in which wakings occur 
are significantly longer than REM periods without 
awakenings. Clearly, the lack of a close relationship 
between REM sleep and wakefulness occurring in REM means 
that the activating function of REM is 3^^ brought into
AT-
doubt this time.
It is quite probable that the amount of REM sleep 
within any one species is related to the amount of SWS. 
This would be compatible with the finding that both REM 
and HREM sleep are reduced when wakefulness in sleep is 
increased- Such a relationship between REM sleep and 
SWS would follow from Snyder’s suggestion that activation 
occurring in REM sleep reverses the maladaptive changes 
occurring in SWS. The fact that REM sleep rarely precedes 
SWS at the beginning of the sleep period, and the fairly 
constant ratio of REM sleep to SWS supports the idea that 
REM sleep quantity is related to the amount of SV/S-
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The obvious objection to this idea is that in human 
sleep later REM periods are longer but are preceded by 
less SWS (in the adjacent NREM period) than early REM 
periods. This pattern of sleep is only found in humans 
and may result from the security of the sleep environment 
favouring early satiation of SWS, with vigilance needs 
being of low priority. In species with greater need 
for vigilance, REM sleep and consequently vigilance 
awakenings would be more evenly distributed throughout 
the sleep period. There seems to be some truth in Snyder's 
suggestion that vigilance awakenings occur in REM sleep 
but clearly the wakings and time spent awake in REM sleep 
periods have no effect on the length of the REM period 
or the total amount of REM sleep.
Two lines of evidence give some clues as to the 
function of REM sleep; the first concerns arousal threshold 
during sleep. Snyder suggests that arousal threshold in 
REM will be very low due to the intense internal activation 
that is present. At other points however, he implies that 
it is important that REM sleep not be interrupted until 
activation is complete at which time a vigilance waking 
can occur. This latter view of the REM sleep mechanism 
actively preventing arousal until the waking at the end 
of the REM period, receives much support from animal studies 
of arousal threshold. Here it is found that arousal threshold 
in REM is generally higher than other sleep stages. Several 
studies of human arousal thresholds however have revealed 
both very high and very low arousal thresholds in REM.
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Several studies seem to show that significant stimuli 
are able to cause immediate arousal but stimuli lacking 
importance are almost completely ignored. (Williams 
1965; Williams et al. 1966; Oswald et al. I960")
This is an appropriate compromise between the 
conflicting need for uninterrupted periods of REM sleep 
and the need to respond to stimuli ; the only stimuli 
that elicit a response are the ones for which responding 
is advantageous.
There is much evidence that arousal thresholds in 
REM can be high but very little evidence that they are 
low in REM, especially in comparison to stage 2 which 
occupies a large proportion of human sleep. In chapter 
5, experimental evidence was found that awakening latency 
in REM was significantly lower than stage 2 with a high 
incentive stimulus. This was true for an overt response 
criterion of awakening but not for an EEG criterion.
Keefe et al. (1971) also found overt response criteria 
more effective than EEG criteria in discriminating arousal 
threshold in different stages of sleep. It is probable 
that perception of stimuli is possible in all stages of 
sleep and this may be why EEG criteria of arousal do not 
distinguish among the sleep stages. The potential for 
making a prompt and appropriate response is enhanced 
during REM sleep compared with other stages. This only 
seems to be true for stimuli of high incentive value ; if 
the stimuli lack incentive value; overt responding to
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them in REM sleep drops to a very low level (Firth, 1970; 
Williams et al., 1965). The conception of the REM state 
as a period of increased response potential to stimuli 
(internal or external) of high incentive value is close 
to Snyder's proposal. It is certainly an appropriate 
state in which vigilance needs may be satisfied. Any 
external stimulus or internal state which has significance 
for the survival of the animal would lead to an appropriate 
response. In most cases this response would be an 
awakening followed by the seeking of some goal object 
or reduction of anxiety by exploration.
The second line of evidence that gives some insight 
into the function of REM sleep is the study of performance 
after arousal from different stages of sleep. Snyder 
suggests that performance on waking from REM sleep will 
be superior to wakings from other sleep stages due to 
the activating properties of REM sleep. In chapter 6 
some evidence to support this idea was found. Performance 
after spontaneous wakings from REM sleep was superior to 
wakings from stage 2 sleep. The expected differences in 
performance were present on only two of the performance 
measures and the differences were generally small and 
subtle. Stage 2 was chosen for comparison with REM as 
it is the most abundant human sleep stage, but an additional 
reason was that it provided a more stringent test of the 
activating function of REM. Stage 2 is known to be 
followed by less impairment of performance than stages 3 and 4.
212
If REM has an activating function and stage 2 does not, 
then performance after REM should he superior to 
performance after stage 2, even if the difference is 
small.
If we wish to retain the adaptive explanation of 
regular REM periods in human sleep, some justification 
must he found for the large amount of REM in the later 
part of the night when stage 2 is the predominant ITREM 
sleep stage. If little impairment results from stage 
2 sleep, then we would expect REM sleep to be most 
abundant immediately after SWS, which is known to produce 
considerable impairment on waking (Scott, 1969; Scott & 
Snyder, 1968).
The predominance of SWS early in the night and REM 
sleep later in the night in human Ss is probably a result 
of the great security normally attained in the sleep 
environment. In fact it hardly seems necessary that 
regular wakings should occur at all in human Ss; the 
only alert waking required is the one that terminates the 
sleep period. Under these conditions it may be that the 
'quota' of SWS necessary each night may be filled in one 
or two long stretches at the beginning of the sleep period 
rather than many short periods of SWS with interspersed 
REM sleep and wakings for vigilance. Most mammals have 
little recognizable stage 2 sleep and their sleep cycles 
are very similar, each containing some SV/S followed by REM 
sleep and usually an awakening (Roldan et al., 1963).
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REM sleep in animals occurs in the most appropriate 
place for offsetting impairment due to SV/S, however in 
humans and some of the other primates (Burt et al., 1970) 
this is not so. Perhaps under conditions of insecurity 
the human sleep pattern would he more fragmentary with 
a more even distribution of REM and SWS stages. Until 
studies of human Ss sleeping in the wild are performed 
this question cannot be answered.
In chapter 7 the possibility that time of night was 
a contributing variable to impaired performance on waking 
was investigated. Some positive evidence was found for this 
but when the factor of time of night was removed, signifi­
cantly better performance followed REM sleep compared with 
SV/S. The superior performance after REM sleep compared 
with SWS was clearly present but not as great or consistent 
as we might have expected from Snyder's theory. It was 
sufficiently in evidence however, not to undermine Snyder's 
assumption that performance after REM sleep is superior to 
performance after SWS.
The experiments described in earlier chapters were 
designed to test several aspects of Snyder's evolutionary 
theory of dreaming. The findings neither strongly support 
nor completely undermine the theory. The evidence on the 
occurrence of wakings during sleep and on the NREM-REM- 
V/aking cycle support Snyder ' s model, but there are numerous 
wakings that are not explained by the model. The studies 
of awakening latency and performance after arousal support 
the idea that REM sleep is a state of high internal arousal
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which results in better performance on waking than after 
NREM sleep and shorter awakening latency in REM compared 
with stage 2. This is in agreement with Snyder's 
suggestion that REM provides the pre-awakening activation 
but the differences between stages REM and 2 in awakening 
latency and performance after arousal are often small and 
subtle. The differences between REM and SWS on performance 
after arousal were somewhat more substantial but not as 
large as had been expected.
The only evidence directly contrary to Snyder's model 
is the lack of any relationship between the amount of REM 
sleep and the amount of time spent awake in REM. Snyder 
suggested that REM gave way to wakefulness when danger 
threatened. He based this idea on the changed sleep 
pattern of animals first sleeping in the laboratory.
Many other sleep disturbing factors are present in a 
changed sleep environment besides the increased need for 
vigilance. It is probably this combination of factors 
that reduced REM sleep (and NREM sleep) and increased the 
amount of time spent awake on the first night. Snyder's 
proposed relationship between REM sleep and wakefulness 
seems to have been based on ambiguous data, but this does 
not detract from the other aspects of his theory which 
were supported.
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One is left with the impression that while there 
may be a lot of truth in Snyder's theory, it is not a 
complete explanation of the function of sleep. Man is 
one of the most secure sleepers and if we are looking 
for a mechanism for producing vital sentinel awakenings 
then it will be less in evidence in man than in other 
species. Snyder's vigilance model may be much more 
useful in accounting for sleep patterns of animals 
other than man, and particularly animals sleeping in 
a threatening environment. It is probable that sleep 
fulfills many functions in addition to its adaptive role. 
These other functions would presumably have some 
controlling influence over the pattern of sleep. In man 
the need for vigilance in sleep is minimal and these other 
functions may obscure the signs of an almost quiescent 
sentinel mechanism.
Although man has the least need for vigilance during 
sleep, much evidence presented in this thesis suggests 
that a sentinel mechanism similar to that described by 
Snyder is present- Such a mechanism probably assumes its 
greatest importance in the wild; however its close relation­
ship to the phenomenon of REM sleep suggests that the 
primary function of REM sleep is to provide an opportunity 
for sentinel behaviour. Other functions that REM sleep 
may fulfill are probably of secondary importance to its 
sentinel function.
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Appendix 1b
(secs) accompanying both SAs and DAa (9 8s on nights 1, 2
and 3).
Time range Nimber of SAs Number of UAs
(mins) Alpha R. GEM Alpha R. GEM
0 10 11 171 6
1 - 3 17 27 33 132
6 - 10 11 40 77 177
11 - 13 11 19 33 34
16 - 20 9 10 28 31
21 - 23 7 6 11 7
26 - 30 4 4 13 7
31 - 33 4 2 7 3
36 - 40 3 3 7 2
41 - 43 1 1 2 2
46 - 30 2 0 6 2
31 - 60 2 0 2 0
61 - 70 2 0 3 0
71 + 39 1 36 8
Totals 124 124 431 431
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Appendix 1d
The amount of time spent awake (mins) in and adjacent 
to REM sleep periods for 9 8s on nights 1, 2 and 3»
Night 1 Night 2 Night 3 Total
61 33 23 14 74
2 0 0 0 0
3 2 5 34 42
4 4 2 1 7
3 0 49 30 99
6 0 8 0 8
7 0 2 1 3
8 2 7 2 11
9 3 7 0 10
tal 45 106 102 234
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Appendix 1e
Distribution of lengths of HEM periods and KEŒN periods 
with SAs and without SAs.
Length of REM PERIODS
Period (mins) With SAs Without
0 - 10 5 14
11 - 20 11 23
21 - 30 4 12
31 - 40 8 1
41 - 30 4 3
31 - 60 3 2
61 - 70 3 0
71 - 80 1 0
Total 39 39
Length of NREM PERIODS
Period (mins) With SAs Without
0 - 2 0 2 1
21 - 40 3 8
41 - 60 10 13
61 - 80 18 19
81 - 100 7 6
101 - 120 4 0
121 - 140 2 2
141 - 160 1 0
161 - 180 2 1
181 - 200 2 0
201 + 1 2
Total 32 34
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Appendix 1f
— WI—rj i i ' Pi  I -m-
Distribution of SAs thronghont REM periods
Time (mins) after start of REM period
0-10 11-20 21-30 31-40 41-50 31-60 61-70
No of REM 
Periods 19 36 16 9 9 5 3
Cumulative 
REM Periods 97 78 42 26 17 8 3
No of SAs 12 19 8 6 3 1 0
SAs % 100 12.4 24.4 19.0 23.1 17 .6 12.3 0.0
Cum. REM Ps.
Appendix 1g
The IPAT self analysis form scorei^  Number of SAs and 
amount of time spent awake during the sleep period of 
nights 1, 2 and 3 in 9Bs-
s SAs in Nights 
1, 2 and 3
Time awake in Nights 
1, 2 and 3
IPAT Score
1 18 146 33
2 4 91 17
3 8 274 18
4 10 217 34
5 24 477 22
6 11 31 17
7 27 13 14
8 20 72 33
9 8 66 19
Total 130 1387 207
Mean 14.4 134 23.0
S.D. 7.6 140 7 .6
22 s
Appendix 1ii
Gross Body Movement time (secs) on Hard bed and 
control nights in 9 8s.
Subject Hard Bed Control
81 316 308
2 160 93
3 313 328
4 241 129
3 381 377
6 323 223
7 317 101
8 316 304
9 122 120
Total 3493 1983
Mean 388 220
S.D. 167 103
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Appendix 2
Test used to determine the probability of differences 
in rankings of SAs and REM sleep for hypotheses 2 and 3 in 
Chapter 4.
The two variables were ranked across nights, the 
lowest score receiving the lowest rank.
The total numerical difference between the two 
rankings for each night was found.
The probability of any given difference between the 
ranks is shown below:
difference between ranks Probability
0 2/12 = 0.166
1 3/12 =  0.230
2 4/12 =  0.333
3 3/12 = 0.414
4 6/12 = 0.300
The probability values for the 9 8s were added with 
the following formula:
n
Chi-Square (df = 2n) = -4.603 E log^Q Pi
i=1
where Pi is the i th probability value and n is the
number of values to be added.
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Appendix 3a
Experiment 1 - latency of onset of alpha/Beta Rhythm (secs) 
under 4 experimental conditions in 8 Ss; and order of the 
trial (in brackets).
Subj ects Treatments (Order)
REM E REM B 2 P 2 B Total
1 2 (4) 9 (2) 3 (1) 2 (3) 18
Latin 2 3 (3) 1 (1) 16 (2) 1 (4) 21
Square
One 3 1 (2) 1 (4) 1 (3) 9 (1) 12
4 1 (1) 9 (3) 1 (4) 3 (2) 14
5 0 (1) 1 (3) 16 (4) 48 (2) 63
Latin 6 0 (2) 1 (4) 11 (3) 3 (1) 17
Square
Two 7 2 (4) 1 (2) 2 (1) 14 (3) 19
8 5 (3) 2 (1) 2 (2) 0 (4) 9
Total 14 23 34 82 173
Mean 1.73 3.123 6.73 10. 23
S.D. 1.36 3.41 6.16 14.91
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Appendix 3b
Experiment 1 - latency of Time Estimate task (secs) under 
4 experimental conditions in 8 Ss, and order of the trial 
(in brackets).
Subjects Treatments (Order)
REM E EEK B 2 E 2 B Total
1 28 (4) 35 (2) 20 (1) 14 (3) 97
Latin 2 20 (3) 15 (1)
*
60 (2) 27 (4) 123
Square
One 3 3 (2) 6 (4) 8 (3)
*
60 (1) 79
4 12 (1)
*
60 (3) 9 (4) 18 (2) 99
3 10 (1) 10 (3) 21 (4) 66 (2) 107
Latin 6 30 (2) 28 (4)
*
60 (3) 42 (1) 160
Square
Two 7 13 (4) 14 (2) 11 (1) 27 (3) 63
8 30 (3) 13 (1)
*
60 (2) 18 (4) 123
Total 148 184 249 272 833
Mean 18.3 23.00 31.123 34.00
S.D. 9.23 16. 34 22\ 79 18.62
= missing data
230
Appendix 3c
E][periment 1 - latency of switch press response (secs)
■under 4 experimental conditions in 8 Ss.
Subjects Treatments (Order)
REM F REM B 2 F 2 B Total
Latin
Squane
One
1
2
3
10
14
2
20
12
2
13
*60
2
6
14
*60
31
100
66
Latin
Square
Two
6
7
6
9
13
10
17
6
28
20
64
43
Total 41 37 100 128 326
Mean 8.20 11.40 20.00 23.60
S.D. 4.02 3.78 20.73 18.63
* _= missing data
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Appendix 3d
Experiment 2 - EM Criterion , awakening latency
and order of trial (in brackets).
REM F REM B 2 F 2 B
81 2 (2) 7 (4) 4 (3) 78 (1)
2 2 (4) 9 (2) 21 (1) 8 (3)
3 25 (3) 24-0 (1) 39 (2) 107 (4)
4 9 (1) 108 (3) 7 (4) 240 (2)
3 23 (4) 9 (2) 139 (1) 87 (3)
6 15 (2) 10 (4) 8 (3) 72 (1)
7 10 (1) 11 (3) 2 (4) 4 (2)
8 1 (3) 4 (1) 3 (2) 12 (4)
Total 85 398 223 608
Mean 10.6 49-7 27-9 76.0
S.D. 8.4 79.0 43.6 72.4
Experiment 2 - Alpha/Beta criterion awakening 1
and ordel■ of trial (in brackets).
EEM F EEM B 2 F 2 B
SI 0 (2) 2 (4) 1 (3) 56 (1)
2 1 (4) 3 (2) 6 (1) 0 (3)
3 14 (3) 240 (1) 25 (2) 81 (4)
4 1 (1) 100 (3) 1 (4) 240 (2)
3 19 (4) 3 (2) 117 (1) 71 (3)
6 8 (2) 1 (4) 2 (3) 9 (1)
7 2 (1) 2 (3) 1 (4) 4 (2)
8 1 (3) 2 (1) 1 (2) 1 (4)
Total 46 353 154 452
Mean 5-7 44.1 19.2 57-7
S.D. 6.7 80.7 37-7 75.6
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Appendix 4-a
Experiment 1 : Task No 1, Reaction time
uQjEcrr Stage V REM 2
81 1 1 4 11
^1 % 3 6
A2 / 1 2 2
^2 A 2 3
^3 , 1 3 4
S3 ^ 3 2
4^- , 1 3 4
2 2
53 ) 1 2 2
-53 q_ 2 2
Total 3 26 38
Mean 1.0 2.6 3.8
S.D. 0.0 0.663 2.71
Appendix 4b
Experiment 1 : Task No 2, memory task (t
task in secs)
j-eJecTjTR\f^ C Stage W REM 2
SI 1 70 93 90
51 % 80 100
52 1 93 130 123
52 % 128 110
53 1 80 90 103
53 ^ 70 47
9 4 1 68 63 93
54 ^ 83 80
53 1 103 110 183
33 Z 120 140
Total 418 973 1077
Mean 83.6 97.3 107.7
S.D. 14.33 22.33 5 . 0 9
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Experiment 1: memory task (2) measures of d'
u^/3j£:ci / Stage W REM 2
81 1 0.40 0.13 0 .27
51 0.31 0.31
X2 1 0.00 0.00 0 .13
52 T. 0.78 0.36
53 1 0.36 1.12 0.00
S3 2 0.97 0.00
S4. 1 0.42 0.91 0.91
^4 a 0 .34 1.03
53 1 2.31 3.29 2.36
53 2_ 1.39 1.93
Total 3.49 9.44. 7 .36
Mean 0 .70 0 .94 0.76
Experiment; 1 : memory task (2) measur
^ueZlCT /triicil Stage W REM 2
81 1 1.21 1.04 1.11
51 % 1.24 1.24
92 1 1.00 1.00 1.09
5 2 % 1.63 1.36
53 ) 1.70 3.37 1.00
53 2 3.08 1.00
94 I 1.21 0.93 0 .93
54 % 1.24 1.16
S3 1 3.08 1.00 1.00
^3 2 3.74 1.81
Total 8.20 18.29 11.70
Mean 1.64 1.83 1.17
8. D. 0.736 1.034 0.246
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Appendix
Experiment 1: Task No 3 - IQ test time (secs)
Stage W REM 2
81 1 43 40 -80
SI a 40 123
52 1 73 43 360
52 % 30 40
33 ' 60 93 70
53 Z 13 40
S4 i 80 40 90
54 %. 103 33
S3 ) 73 90 70
5"3 170 183
Total 333 688 1093
Mean 66.6 68.8 109.3
S.D. 12.66 43.69 94.11
Appendix 4d
Experiment 1 : Task No 4 - letter cancellation task time (secs)
f J a c y  r/?  / / ) a Stage W REM 2
SI 1 133 163 163
51 a 130 170
5 2  ) 193 233 290
5 2  ^ 260 233
53 ) 133 186 180
5 3  % 180 160
54 , 128 123 133
5 4  % 133 130
S3 • 170 220 260
5 5 220 230
Total 763 1896 1993
Mean 132.6 189.6 199.3
S.D. 23.79 40.64 47.40
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Appendix 4-e
Experiment 1: Task 3, Mood Rating 
(Sleepy drowsy tired)
Stage ¥ REM 2
SI 1 2 2 6
51 T 3 6
52 1 2 4 3
S2 T_ 3 3
S3 I 3 3 3
53 L 4 3
54 / 2 3 3
54 a 3 4
53 ( 3 7 3
5 3 2_ 7 6
Total 12 39 44
Mean 2.4 3.9 4.4
S.D. 0.490 1.64 1.28
(confident calm carefree)
esecT/nnf^L. Stage W REM 2
SI / 6 6 3
SI % 4 4
32 / 4 3 3
52 % 4 3
53 ( 6 3 3
35 3 3
S4 ) 3 3 3
54 2 4 4
S3 1 7 4 4
33 Z 3 4
Total 28 43 40
Mean 3.6 4.3 4.0
S.D. 1.02 0.806 0.773
Appendix 5a
Experiment 2: Task No 1, Reaction time (secs) om/ ^Acw
(^ -TAiAcS ^Stage W REM 2
81 ) 0.5 1.75 3.5
51 Z 1-5 1 .5 5 .0
52 ) 0.75 2.5 3.5
52 7_ 1.0 1.0 1 .5
53 1 1.0 2.0 2.5
53 Z 2.0 2.0 3.0
54 J 1-5 2.75 2.0
94 z 1-5 3.0 2.75
55 ) 1.75 3.0 7 .0
s-5 z 2.5 5.0 4.0
S6 1 1.5 18.0 28.0
5 5 a 2.0 12.0 6.0
57 1 2.0 3.0 3 .5
57 O- 1.5 3.0 6.0
58 1 1.5 3.0 2.5
58 Z 1.0 3.0 4 .5
Total 23-5 66.5 8 5 . 2 5
Mean 1.47 4.16 5.34
S.D. 0.507 4.32 6.04
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Appendix 5D
Experiment 2: Task No 2, Memory task time (secs)oiv
■ I I .1 ' .mm, I mmi   — i ■■■ — ■— an i w  -mm- m • ■■ i—  ; wmww.»*. • «>.■ . ..r -«i*-—w fci ■!!..— — i— r — ' - •
(^ T/Z //)C^ 99
gJec/ Stage ¥ REM 2
81 1 65 65 90
51 % 63 70 55
S2 1 70 82 90
S2 2 53 52 70
93 / 92 82 100
53 a 84 72 88
54 / 92 108 78
54 a 72 90 90
S3 1 80 110 78
^3 a 65 68 67
56 1 65 113 180
56 a 80 100 117
57 ) 95 82 75
57 a 58 80 60
58 I 95 100 114
58 a_ 88 113 120
Total 1217 1387 1472
Mean 76.06 86.69 92.0
S.D. 13.49 18.33 29.49
238
Experiment 2: Memory task, measures of on rmu
^-r/zinci PsR 5^
^u/^Eci / ju rn L stage ¥ REM 2
81 ) 1.77 1.51 1.06
51 a 0.80 1.66 0.80
32 1 1.36 0.70 1.03
52 Z 0.75 0.24 0.24
33 ) 1.56 0.25 2.03
53 a 1.56 1.36 1.09
5 4 i - - -
54 a - - -
35 1 1.41 2.12 1.89
35 a 2.48 1.87 1.39
36 1 0.19 0.19 0.77
56 a 0.71 0.31 0.31
57 ) 1.28 0 .52 1.06
57 a 1.12 0.65 0.91
58 ) 0.80 0 .90 0.60
38 z 0.60 0.24 0.19
Total 16.39 12.52 13.37
Mean 1.17 0.895 0.955
S.D. 0.563 0.654 0.552
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Experiment 2: Memory task, measures of Beta q n tïdrl.
stage W EEM 2
81 ) 3.83 3.83 1.16
5 1 lu 2.71 2.11 2.71
52 / 0.80 0.97 1.71
s2 a 1.98 1.32 1.32
S3 1 0.67 1.03 0 .27
S3 a 1.49 0.80 0. 7 2
34 ) - - -
54 a - - -
55 1 1.92 0.62 3.74
55 a 2.71 1.20 3.74
56 1 1.20 1.20 1.11
56 a 1.41 1.24 1.40
57 1 2.27 1.14 1.16
57 'Z. 3.37 1.58 1.69
98 1 2.71 1.92 2.26
J'S z 2.26 1.32 1.20
Total 29.33 20.28 24.19
Mean 2.095 1.45 1.75
S.D. 0.895 0.763 1.00
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2: Task No 3, IQ items - time to complete
TKitfiU PER 0the task (secs) ow Jfrtc
9^ /3 JccT yrp,Ac_ Stage W EEM 2
81 ' 1 5 0 1 9 2 1 5 5
51 ^ 265 2 1 3 2 3 0
52 J 240 1 5 0 2 3 0
52 ^ 180 157 240
53  ) 3 0 0 2 0 7 5 0 5
$3  ^ 148 112 1 5 0
) 2 2 5 5 0 5 3 1 0
Ç 4 a 3 0 0 2 9 0 2 3 5
55 - 256 140 3 0 0
35 % 240 1 7 7 285
56 , 265 180 3 0 0
5 6 a 2 2 5 2 9 0 2 1 5
57 ) 3 0 0 210 200
5 7  a 280 3 0 0 210
^ 8  1 2 9 7 286 3 0 0
^8  z 2 3 0 262 3 0 5
Total 5937 3 4 7 1 4 0 3 0
Mean 244 2 1 7 2 5 2
S.D. 48.5 61.7 50.
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Experiment 2: Task 3, No of IQ items correct each tpml.
(érffiAcs PER ^
S < u ^ j £ c r j T R i R C Stage ¥ EEM 2
81 I 3 5 7
51 a 4 3 3
52 I 2 3 4
52 % 4 3 2
S3 ? 3 3 4
S3 z 2 4 ■ 5
5 4 / 4 3 4
5 4 z 5 3 3
S3 1 4 4 6
^ 3 z 4 7 4
56 1 6 6 3
a 4 4 4
s7 ) 4 8 4
57 Z 6 4 7
5 8 1 4 1 4
_58
z 7 3 6
Total 68 68 72
Mean
S.D.
4.23
1.30
4.23
1.68
4 .50
1.37
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^ • . Task 3) of items 'wpoii^ orv g«cn t p/ac
(j> Trafics Pea. ^
^^ eJecT/hrm c Stage W REM 2
81 ) 3 3 1
5 1 i_ 4 4 2
52 ) 5 3 3
S 2 1 4 3 5
^3 I 1 1 2
53 Z 1 2 1
54 1 3 2 4
U X 3 4 4
^3 ] 4 2 2
55 Q_ 3 1 3
56 1 1 1 1
56 3 2 2
57 1 3 0 2
57 % 1 3 1
58 1 4 6 4
^8 1 5 1
Total
Mean
S.D.
44-
2.75
1.30
42
2.6
1.54
38
2.4
1.27
E43
Appendix» ■ I I ■ r I
eriment^ 2: Task No 4, letter cancellation time (sees) on e/\zh r/unL.
( /  T R t f i e s  P B O . ^
Sut’^TecT/TRmL Stage ¥ REM 2
81 ; 130 142 160
C 1 7. 147 150 160
52 / 148 132 187
S 2 % 152 175 163
53 1 130 135 143
53 128 127 132
54 f 243 280 203
i 4 2 195 228 213
55 1 135 138 160
55 2_ 120 130 143
56 / 160 183 180
55 Z 195 180 170
57 1 192 192 240
57 -L 180 220 197
58 ( 182 187 179
58 2_ 178 186 170
Total 2635 2823 2806
Mean 164-7 176-3 175.4
8.D. 31.5 39.5 27.2
Appendix 5e
Experiment 2: Task No 3, Mood rating (sleepy)
^^ ôrecr^ /i,Dc Stage w REM 2
S1 1 2 3 2
5 1 Z 3 3 3
5  2 1 4 4 3
5 2 1 3 2 3
53 I 3 6 2
53 % 4 6 4
5 4 1 4 4 4
54 % 5 5 6
53 1 2 3 3
55 'I. 1 5 7
5 5 1 4 3 3
56 52_ 5 6 5
^7 1 3 5 6
37 z 3 6 3
58 ) 2 3 2
^8 X 3 1 5
Total 31 69 65
Mean 3.2 4.3 4.1
S.D. 1.1 1.49 1 .52
Pea ^
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Experiment 2:__Task No 3 , Mood rating (Happy.) on £ach
^  T R ) f \L Ç  / i H R  ^
Stage ¥ REM 2
81 ) 4 5 3
^1 % 5 5 3
Î2 , 5 5 3
^2 2 5 6 3
S3 1 4 4 3
S3 % 4 5 3
94 1 5 5 4
54 T_ 4 4 4
S5 1 4 6 3
5’5 ^  - 6 6 7
5 6  , 6 6 6
y 6 %_ 6 6 6
57 j 4 5 3
57 ^ 5 3 4
58 1 6 3 6
-^ 8 6 6 3
Total 79 92 78
Mean 4 .9 3 .7 4 .9
S.D. 0.827 0.837 1.03
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-Appendix 5a
latencjy; (secsj)
REM SW8 Total
4.9 8.1
3.6 4.9
Early 2.3 3.9 66.7
4.2 21.3
3.8 9.3
7.4 4.4
6.8 21.7
Late 2.8 4.1 73.6
7.6 7.1
6.1 3.6
Total 49.7 90 .6
Appendix 6b
Task No 2, Grip strength (lb8%
REM 8W8 Total
94 83
77 48
Early- 60 32 713
72 84
74 67
38 94
33 76
Late 48 66 637
80 63
33 62
Total 633 697
Appendix 6c
Task No 3, Wire threading task time
REM 8W8 Total
110 43
82 48
Early 23 63 396
70 37
63 49
43 113
38 90
Late 33 23 363
24 73
40 60
Total 334 607
Appendix 6d
Task Wire threading task -
REM 8W8 Total
9.1 1.9
0.7 6.3
Early 3.1 2.2 40 .7
3.3 4 .9
3.2 3 .8
2.0 7 .8
3.3 2.2
Late 1.4 6 .3 36.9
4.9 2.0
2.9 3 .9
Total 36.1 41 .3
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Appendix 6e
Task No 4, Maze task time (secs)
Early
Late
REM SV/8 Total
48 70
80 160
40 120 968
100 103
130 113
120 140
70 121
103 120 1129
90 82
93 186
878 1219Total
Appendix 6f
Task No 3) IQ task time (secs)
TotalREM 8WS
140 32
73 123
Early 101 203
233 183
82 143
133 100
28 33
Late 280 98
193 180
160 30
Total 1431 1173
1363
1261
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i£peÆâi2_^
Task No 6, Mood scales, Calm and
Calm REM SWS Total
6 2
3 2
Early 3 4 37
6 4
4 3
3 6
7 3
Late 3 2 34
6 6
6 5
Total 31 40
Sleepy- REM SWS Total
6 7
3 6
Early 6 3 60
6 6
7 6
3 6
7 3
Late 3 6 31
3 6
4 6
Total 32 39
Appendix 6h
Early-
Late
Total
No 7, Short term memory items
REM a/s Total
6 7
3 7
3 8 39
7 4
3 3
7 6
7 3
3 7 63
6 7
7 6
60 62
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